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The production of K'g and A hadrons is studied in pp collision data at = 0.9 and 7 TeV 
collected with the ATLAS detector at the LHC using a minimum-bias trigger. The observed dis- 
tributions of transverse momentum, rapidity, and multiplicity are corrected to hadron level in a 
model-independent way within well defined phase-space regions. The distribution of the production 
ratio of A to A baryons is also measured. The results are compared with various Monte Carlo simula- 
tion models. Although most of these models agree with data to within 15% in the K% distributions, 
substantial disagreements are found in the A distributions of transverse momentum. 

PACS numbers: 13.85. Hd,13.85.Ni,14.20.Jn,14.40.Df 



I. INTRODUCTION 

Yields and production spectra of hadrons containing 
strange quarks have been measured previously at the 
Large Hadron Collider (LHC) and the Tevatron at vari- 
ous center-of-mass energies [1-3]. Measurements of par- 
ticle production provide insight into the behavior of QCD 
interactions at low momentum transfer, typically de- 
scribed by models with empirical parameters tuned from 
experimental data. Accurate modeling of such interac- 
tions is also essential for constraining the effects of the 
underlying event in the high-pT collisions studied at the 
LHC. As the strange quark is heavier than the up and 
down quarks, the production of strange hadrons is sup- 
pressed relative to hadrons containing only up and down 
quarks. However, since the mass of the strange quark 
is comparable in value to the Aqcd scale constant, it is 
not sufficiently heavy for perturbative techniques to be 
used in modeling the production of strange hadrons and 
experimental input is required to tune it in Monte Carlo 
(MC) simulation. Moreover, the ratio of the production 
of strange antibaryons to strange baryons is related to 
the transfer of baryon number from the colliding protons 
to the mid-rapidity region and can be used to constrain 
"diquark" [4] and "string-junction" [5] models in MC gen- 
erators. Since the initial state in pp collisions has a net 
baryon number of two, these models can be tested even 
at zero rapidity at the LHC. 

hi this paper, the production of K'g and A hadrons is 
studied using the first 190 /xb"^ collected by the ATLAS 
experiment at ^/s = 7 TeV and 7 yh~^ at 900 GeV. In 
addition, the measurement of the ratio between A and 
A baryon production is presented. Data were collected 
with a minimum-bias trigger with the same selection as 



in the inclusive minimum-bias measurement of charged 
particles [6]. Strange hadrons are reconstructed in the 
K^g — >■ 7r+7r~, A — )- p7r~, and A — >• p7r+ decay modes 
by identifying two tracks originating from a displaced 
vertex, exploiting the long lifetimes of strange hadrons 
(cr sa 2.7 cm for K'g hadrons and ct « 7.9 cm for A 
hadrons). The measured distributions are 



1 diV 1 dA^ 1 dA^e 



NdpT N dy' A^ev dN 



(1) 



Full author list given at the end of the article. 



where A^ is the number of Kg or A hadrons, pt is the 
transverse momentum, y is the rapidity [7], and A'cv is 
the number of events with two charged particles satisfy- 
ing pt > 100 MeV and \ri\ < 2.5. The A distributions 
do not include A baryons, while the ratio of A to A is 
presented versus ^^nd y as a separate measurement. 
The kinematic spectra of strange hadrons are extracted 
from the reconstructed distributions by correcting for de- 
tector effects modeled with MC simulation samples that 
are validated with data. The observed distributions are 
corrected to the jryj < 2.5 and pt > 100 MeV phase- 
space region where tracks can be reconstructed (imposed 
on the charged decay products) with minimum and max- 
imum flight-length requirements imposed on the Kg and 
A hadrons to avoid model-dependent extrapolations out- 
side of the detector acceptance. A similar approach was 
used in the ATLAS measurement of charged-hadron pro- 
duction [6]. 



II. THE ATLAS DETECTOR 

The ATLAS detector [8] at the LHC [9] covers almost 
the whole solid angle around the collision point with lay- 
ers of tracking detectors, calorimeters and muon cham- 
bers. It has been designed to study a wide range of 
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physics topics at LHC energies. For the measurements 
presented in this paper, the tracking devices and the trig- 
ger system arc used. 

The ATLAS Inner Detector (ID) has full coverage in 
and covers the pseudorapidity range < 2.5. It consists 
of a silicon pixel detector (Pixel) , a silicon microstrip de- 
tector (SCT) and a transition radiation tracker (TRT). 
The sensitive elements of these detectors cover a radial 
distance from the interaction point of 51-150 mm, 299- 
560 mm, and 563-1066 mm, respectively, and are im- 
mersed in a 2 T axial magnetic field. The ID barrel (end- 
cap) region consists of 3 (2 x 3) Pixel layers, 4 (2 x 9) 
double-layers of single-sided silicon microstrips with a 40 
mrad stereo angle, and 73 (2 x 160) layers of TRT straws. 
Typical position resolutions are 10, 17 and 130 /.im for the 
R — (p coordinate and, in the case of the Pixel and SCT, 
115 and 580 /im for the second measured coordinate. A 
track from a charged particle traversing the barrel detec- 
tor would typically have 11 silicon hits (3 pixel clusters 
and 8 strip clusters) and more than 30 straw hits. 

The ATLAS detector has a three-level trigger system; 
data for this measurement were collected with Level 1 
signals from the Beam Pickup Timing devices (BPTX) 
and the Minimum Bias Trigger Scintillators (MBTS). 
The BPTX stations consist of electrostatic button pick- 
up detectors attached to the beam pipe at ±175 m from 
the center of the detector. The coincidence of the BPTX 
signal between the two sides of the detector is used to de- 
termine when beam bunches arc colliding in the center of 
the detector. The MBTS are mounted at each end of the 
detector in front of the liquid-argon end-cap calorime- 
ter cryostats at z = ±3.56 m. They are segmented into 
eight sectors in azimuth and two rings in pseudorapidity 
(2.09 < |77| < 2.82 and 2.82 < \t]\ < 3.84). Data were col- 
lected for this analysis using a trigger requiring a BPTX 
coincidence and MBTS trigger signals. The MBTS trig- 
ger used for this paper is configured to require at least 
one hit above threshold from either side of the detector, 
referred to as a single-arm trigger. 



III. DATA SAMPLES AND EVENT SELECTION 

The data used in this analysis consist of about 16 mil- 
lion events recorded by ATLAS in March and April 2010, 
corresponding to about 190 /zb"^ of proton-proton colli- 
sions provided by the LHC at the center-of-mass energy 
of 7 TeV, as well as 1 million events corresponding to 
about 7 fj.h~^ at ^/s = 900 GeV recorded in December 
2009. Data events are required to pass the same data- 
quality and event requirements as those used in Rcf. [6]. 
These include a primary vertex reconstructed from two 
or more tracks with > 100 MeV and transverse dis- 
tance of closest approach to the beam-spot position of at 
most 4 mm. Events containing more than one primary 
vertex are rejected. After the selection, the fraction of 
events with more than one interaction in the same bunch 
crossing in these early LHC data is estimated to be at 



the 0.1% level and is neglected. 

A sample of 20 million non-diffractive minimum-bias 
MC events generated with PYTHIA using the early AT- 
LAS MC09 tune [10, 11] and GEANt4 [12] simulation 
is passed through the same reconstruction as the data 
sample. The distribution of the longitudinal position 
of the primary vertex in the simulated sample is re- 
weighted to make it consistent with data. Samples of 
single-diffractive and double-diffractive events generated 
with the same tune are combined with the non-diffractive 
sample according to their relative total cross sections in 
the same manner as in Ref. [6]. The distributions of the 
longitudinal position of the primary vertex are found to 
be nearly identical in the simulated minimum-bias and 
diffractive samples. For some systematic studies, a fully 
simulated sample of events produced with the phojet 
generator [13] is used. To compare the data at parti- 
cle level with different phenomenological models describ- 
ing minimum-bias events, the following samples are also 
used: 

• PYTHIA6 using the AMBT2B-CTEQ6L1 tune [14, 
15]; 

• PYTHIA6 using the Perugia2011 tune [16] (CTEQ5L 
parton distribution functions (PDFs) [17]); 

• PYTHIA6 using the Zl tune [18] (CTEQ5L PDFs); 

• PYTHIA8 using the 4C tune[19, 20] (CTEQ6L1 
PDFs); 

• HERWIG±± 2.5.1 [21, 22], using the UE7-2 
underlying-event tune at 7 TeV and the MU900- 
2 minimum-bias tune at 900 GeV [23] (both with 
MRST2007LO* PDFs [24]). 

IV. V" RECONSTRUCTION AND SELECTION 

Tracks with > 50 MeV are reconstructed within 
the 1 77] < 2.5 acceptance of the ID as described in detail 
in Refs. [6, 25, 26]. To form A'^ candidates, oppositely 
charged track pairs with px > 100 MeV and at least two 
silicon hits are fit to a common vertex, assuming the pion 
mass for both tracks. The AT^ candidates are required to 
satisfy the following criteria: 

• The of the two-track vertex fit is required to be 
less than 15 (with 1 degree of freedom). 

• The transverse flight distance, defined by the trans- 
verse distance between the secondary vertex {Kg 
decay point) and the reconstructed primary vertex, 
is required to be between 4 mm and 450 mm. 

• The cosine of the pointing angle in the transverse 
plane (cos^k) between the Kg momentum vector 
and the Kg flight direction, defined as the line con- 
necting the reconstructed primary vertex to the 
decay vertex, is required to be greater than 0.999 
(equivalent to an angle of 2.56°). 
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For A and A decays, the track with the higher pT is as- 
signed the proton mass and the other track is assigned 
the pion mass. In the simulated sample this identifica- 
tion is correct for 99.8% of the candidates. The A and A 
candidates are required to satisfy the following criteria: 

• The of the two-track vertex fit is required to be 
less than 15 (with 1 degree of freedom). 

• The transverse flight distance is required to be be- 
tween 17 mm and 450 mm. 

• The cosine of the pointing angle is required to 
be greater than 0.9998 (equivalent to an angle of 
1.15°). 

• The pt of the A candidate is required to be greater 
than 500 McV 

These requirements reduce the combinatorial back- 
ground. The smaller signal-to-background ratio in the A 
sample with respect to the Kg sample requires a tighter 
pointing requirement, while the larger value of the flight- 
distance selection exploits the longer lifetime of the A 
baryon. The minimum px cut removes poorly recon- 
structed candidates. The distributions of the invariant 
mass of the A'^ and A candidates in the data and MC 
samples arc shown in Fig. 1. 

Figures 2 and 3 show the reconstruction efficiency of 
Kg, A, and A candidates versus the radial position of 
the decay vertex, px, and rapidity. The efficiency is de- 
termined from simulation by comparing the number of 
generated Kg hadrons with the number of reconstructed 
candidates after all selection criteria are applied. The 
efficiency turn-on curve versus pt is mainly an effect of 
tracking efficiency, while the radial plot clearly shows the 
drops in efficiency when crossing detector layers, reflect- 
ing the lower efficiency of reconstructing and selecting 
tracks that have fewer hits in the silicon detector. (The 
effect is most pronounced at the Pixel layers, located 
roughly at radii of 50, 80, and 120 mm.) 
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FIG. 1. Comparison of measured and predicted Kg (top) and 
A (bottom) invariant-mass distributions in the 7 TeV samples. 
The points are data, while the histograms show the MC sam- 
ple with signal and background components separately nor- 
malized to the data. The solid line is the line-shape function 
fitted to data, while the dot-dashed line shows the component 
of the fitted function describing the combinatoric background 
(see Sec. VAl). 



A. Corrections to Kg and A distributions 



V. EFFICIENCY AND CORRECTION 
PROCEDURE 

The measured Kg and A production quantities are dis- 
tributions versus rapidity and transverse momentum as 
well as the number of Kg or A candidates per event (the 
"multiplicity" ) . To remove the background from the 
and rapidity distributions, the reconstructed invariant- 
mass distribution is fitted for signal and background sep- 
arately in every bin of px and rapidity. The background- 
subtracted distributions arc then corrected through an 
unfolding algorithm for detector resolution of the px and 
rapidity measurements as well as for the reconstruction 
efficiency. In the measurement of the production ratio 
of A to A baryons, a separate correction procedure is 
employed accounting for the difference in the detector 
response to positively and negatively charged baryons. 



The corrections are evaluated separately for the 7 TeV 
and 900 GeV samples and are described sequentially be- 
low. The final distributions are normalized to unity by 
dividing by the total number of measured hadrons. 



1. Background correction 

The number of signal candidates in a given bin of the 
rapidity and transverse-momentum distributions is de- 
termined by fitting the invariant-mass spectrum of the 
Kg or A candidates in that bin. The value and statisti- 
cal uncertainty on the bin are then determined from the 
fitted signal yield and its uncertainty. For the Kg candi- 
dates the functional form that is found to describe well 
the shape in data combines the sum of two Gaussians for 
the signal peak and a third-order polynomial for the com- 
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FIG. 2. The reconstruction efficiency of Kg candidates in tlie 
7 TeV MC sample after all selection criteria versus the trans- 
verse flight distance (top), pt (center), and rapidity (bottom). 





fit mean [MeV] 


world average [MeV] 


Kl Data 


497.536 ± 0.006 


497.614 ± 0.024 


K°s MC 


497.495 ± 0.006 


A Data 


1115.75 ± 0.01 


1115.683 ± 0.006 


A MC 


1115.72 ± 0.01 


A Data 


1115.81 ± 0.01 


A MC 


1115.76 ± 0.01 



TABLE I. The position of the mass peak in the fit to the 
7 TeV data and simulation samples. The fit uncertainties on 
the mean are statistical only. 



where m is the invariant mass and the fitted parameters 
are the normalization parameter C, the mean ^, and the 
width a. This shape is found to model the invariant mass 
better than the sum of two Gaussians. 

The results of the fits to the entire 7 TeV data and 
MC samples are summarized in Table I. The means of 
the mass peaks obtained from the fits in data are in rea- 
sonable agreement with simulation and with the world 
average [27]. The agreement demonstrates the accuracy 
of the track momentum scale and of the modeling of 
the Inner Detector's 2T solenoid magnetic field, which 
has been mapped to a precision of about 0.4 mT [28]. 
Although the deviation of data from the simulated and 
world-average values is statistically significant since the 
uncertainties do not include systematic effects, it is no 
larger than about 100 keV and does not affect the results 
presented in this article, as the mean mass position is not 
directly used in the measurement. 

The contamination from secondary Kg and A produc- 
tion from long-lived baryon decays or nuclear interac- 
tions in the detector material is at the negligible level of 
0.1% for Kg decays in simulation and at the 10% level 
in the A case, where it is subtracted from the measured 
data distributions. The modeling of secondary A baryons 
is evaluated by varying the pointing-angle selection and 
comparing its efficiency between MC and data. The mea- 
sured deviations at the level of 2% in the efficiency are 
assessed as a systematic uncertainty. The effect of A con- 
tamination in the Kg signal and vice versa is similarly 
studied and the contamination of less than 1% is included 
in the evaluation of systematic uncertainties. 



binatorial background. The means of the two Gaussian 
components are constrained to be the same, while the 
widths and relative fractions are determined from the fit. 
For the A candidates a second-order polynomial is used 
for the background and the following modified Gaussian 
shape is used for the signal: 



C ■ exp 



-0.5 • a;(^"*"i+o^-5=) 





m — fi 


,x = 




a 



(2) 



2. Resolution correction 

The PYTHIA MC09 simulation sample is used to fill a 
two-dimensional migration matrix, where one dimension 
is binned in the generated value of the variable of interest 
(pt, rapidity, or multiplicity) and the other is binned in 
the reconstructed value of the same variable. This ma- 
trix thus models the effect of the experimental resolution 
on the true value of pt or rapidity for reconstructed can- 
didates, which are matched to the generated candidates 



5 



using a hit-based matching algorithm [26]. This matrix 
is then used to unfold the migration across bins in the 
background-subtracted distributions in data. 



3. Efficiency correction 

The resolution-corrected pt and rapidity distributions 
from the previous step are corrected bin by bin for the 
reconstruction efficiency, e,;, in a given bin i. The correc- 
tion factor, 1/ei, is derived from the pythia MC09 sam- 
ple as the ratio of generated to reconstructed candidates 
in bin i of the generated distribution. Only the generated 
Kg and A hadrons originating from the primary vertex 
and decaying within the tracking acceptance are consid- 
ered: the two pious (the proton and the pion) that the 
Kg (A) hadron decays to are required to have Ir]] < 2.5 
and Pt > 100 MeV, while the Kg or A hadron itself is re- 
quired to satisfy the appropriate minimum flight-distance 
requirement and a maximum flight-distance requirement 
of 450 mm, which corresponds to the effective accep- 
tance imposed by the silicon hit-content selection on the 
tracks. The reconstructed distributions in data are thus 
corrected to particles produced within the same accep- 
tance, as extrapolating to regions not probed by the Inner 
Detector would introduce a dependence on the MC gen- 
erator model in the correction procedure. The efficiency 
derived from MC is binned in or rapidity and the ef- 
fectiveness of the entire correction procedure is evaluated 
through pseudo-experiments where the phojet MC sam- 
ple is unfolded using migration matrices filled from the 
PYTHIA MC09 sample. (See Section VI.) 



B. Corrections to the A/ A production ratio 

The background in the A and A distributions is sub- 
tracted in the same manner as the Kg background but 
with the modified Gaussian shape for the signal compo- 
nent. As most systematic tracking effects cancel in the 
production ratio, the ratio is corrected only for the differ- 
ence in reconstruction efficiency between A and A decays. 
This difference is mainly a consequence of the difference 
in tracking efficiency between protons (for A candidates) 
and antiprotons (for A candidates) caused by different 
interactions with detector material. The correction is es- 
timated from the MC sample in bins of px and rapidity 
by comparing the reconstruction efficiency for A and A 
decays, which is shown in Fig. 3. The ALICE experiment 
has reported that the nuclear-interaction cross section of 
antiprotons used by GEANt4 is over-estimated [1, 29], re- 
sulting in an over-estimated efficiency difference between 
A and A reconstruction as shown in Fig. 3. Validation 
and correction of the model of detector material and the 
GEANT modeling of material-interaction cross sections 
and the associated systematic uncertainties are described 
in Section VI. 
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FIG. 3. The efficiency in 7 TeV MC for reconstructing A and 
A candidates after all selection criteria versus the transverse 
flight distance (top), px (middle) and rapidity (bottom). The 
uncertainties are statistical only. 



VI. SYSTEMATIC UNCERTAINTIES 



The systematic uncertainties are evaluated separately 
for the measurement of the Kg and A distributions 
and for the measurement of the A/A production ratio. 
For the Kg and A distributions, systematic uncertain- 
ties are evaluated for the reconstruction efficiency, the 
background-subtraction procedure, the method of cor- 
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FIG. 4. The distribution of the reconstructed transverse 
impact parameter in 7 TeV data and MC for pions originating 
in Kg decays after all selection criteria are imposed. 



recting for the resolution and efRciency, and the event 
selection. For the measurement of the A/ A production 
ratio, the modeling of proton and antiproton reconstruc- 
tion, the effect of A baryons interacting with the detec- 
tor material before decaying, and the production of sec- 
ondary A baryons are considered. 



A. Reconstruction efficiency 

The systematic uncertainty on the efBciency is eval- 
uated by comparing impact-parameter distributions be- 
tween the MC and data samples. This uncertainty is 
then cross-checked by comparing decay-time distribu- 
tions with the lifetime of Kg mesons and comparing the 
selection efficiencies between MC and data. 



1. Impact-parameter distributions 

The systematic uncertainty on the tracking efRciency is 
evaluated using the transverse impact parameter, do, of 
the tracks produced in the Kg or A decay. The do mea- 
surement is sensitive to different orientations of tracks 
with respect to the primary vertex and it is correlated 
with the measured flight distance of the K^ candidate 
through the vertexing of the decay point. Figures 4 and 5 
show a comparison of the reconstructed c?o distributions 
in the data and MC samples. 

In a given two-dimensional px-rapidity bin, the do dis- 
tribution in the MC sample is normalized to data. The 
absolute values of the deviations between data and MC 
for all do bins are summed, corrected for the expected 
value from statistical fluctuations, and divided by the 
integral of the distribution. This summed relative dif- 
ference is then assigned as the relative systematic un- 
certainty on the efficiency in that px-rapidity bin. The 
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FIG. 5. The distribution of the reconstructed transverse 
impact parameter in 7 TeV data and MC for protons and 
antiprotons originating in A (top) and A decays (bottom) with 
Pt > 500 MeV after all selection criteria are imposed. 



two-dimensional px-rapidity uncertainty map is then pro- 
jected onto each axis to determine the one-dimensional 
uncertainty on the efficiency versus either px or rapid- 
ity. The uncertainty for the Kg efficiency is at the 1% 
level or less in the pT projection except at high-px, where 
the deviation increases to 5%, and at around 200 MeV, 
where it rises to 3%. When evaluated versus rapidity, 
the typical uncertainty is 1%. The corresponding uncer- 
tainty versus rapidity for the A candidates is at 2%, with 
larger uncertainties at low px- The effect of the uncer- 
tainty in the detector material on the do distribution in 
the simulation is also studied and verified to be consistent 
with the results of previous studies of detector material 
in minimum-bias events [6]. 



2. Decay-time distributions 

The distribution of the Kg proper decay time is used to 
cross-check the modeling of the reconstruction efficiency 
in MC simulation. This method is sensitive to the vari- 
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ation of efficiency versus flight distance and px, as both 
are correlated with the decay time. The background- 
subtracted decay-time distribution in data is unfolded 
in the same manner as the and rapidity distributions, 
accounting for bin migration and efficiency separately ac- 
cording to the MC corrections. The unfolded distribution 
in data is then fitted with an exponential shape and the 
lifetime compared with the world-average value. The fit- 
ted value of the lifetime, 89.37 ± 0.13 ps, is consistent 
with the world-average value of 89.58 ps to better than 
0.3%, indicating excellent modeling of the variation of 
tracking efficiency versus flight distance. 



3. Selection requirements 

Although the previous two methods already include 
systematic uncertainties due to the flight-distance and 
kinematic selection criteria, the separate systematic ef- 
fect of the selection requirements is studied as an ad- 
ditional cross-check on the reconstruction efficiency; the 
result of this study is not included in the total uncer- 
tainty. The signal efficiency of each criterion is evaluated 
by fitting the invariant-mass distribution before and af- 
ter the selection is imposed in the same manner as in 
the background subtraction, with all other selection cri- 
teria already applied. The difference between the data 
and MC samples in the value of this efficiency is taken as 
a measure of how accurately the selection is modeled in 
the MC sample. The deviation is evaluated in bins of pT 
and rapidity, with the finest granularity allowed by the 
stability and precision of the fitting procedure. For the 
silicon hit-content, fiight-distance, track-momentum, and 
requirements, the deviation is at the 1% level in most 
bins and under 2% in all bins. For the pointing-angle 
requirement, the deviation is at the 2% level in most 
regions, but can reach higher levels in a few bins in re- 
gions of large material and at low pT- These systematic 
effects due to the selection requirements are consistent 
with the quoted systematic uncertainties obtained from 
the impact-parameter study. 



B. Background 

The systematic uncertainty on the background sub- 
traction is evaluated by comparing the signal yield from 
the fit to the invariant-mass distribution with the number 
obtained by simple sideband subtraction. The deviation 
for the Kg candidates is at the 1% level in the barrel 
rapidity region and rises to roughly 4% in the forward 
rapidity region, as can be seen in Fig. 6. The uncer- 
tainty for the A candidates is roughly twice as large, as 
can be seen in Fig. 7, reflecting the smaller signal-to- 
background levels. The 2% uncertainty due to secondary 
A production is also included in Fig. 7. 



C. Correction procedure for resolution and 
efficiency 

To test the accuracy of the unfolding procedure, the 
reconstructed pt and rapidity distributions in the pho- 
JET MC sample are unfolded using the corrections de- 
rived from the pythia MC sample. As the difference 
between the phojet and pythia distributions is larger 
than the difference between the pythia and data dis- 
tributions, this is a conservative test of any model de- 
pendence in the unfolding procedure. To remove the ef- 
fect of statistical fluctuations, the reconstructed distri- 
bution in the phojet sample is used to generate 10000 
pseudo-experiments by Poisson variation of each bin. 
The pseudo-experiments are then unfolded and the resid- 
ual distribution for each or rapidity bin with respect 
to the particle-level distribution in the phojet sample 
is fitted to a Gaussian shape. The fitted residual mean 
is an indication of the bias due to the unfolding proce- 
dure in the bin, while the width is an estimate of the 
statistical uncertainty on the unfolding. The bias is at 
the 3% level or less in most Kg rapidity bins and at the 
5% level in the pt bins with most of the Kg candidates. 
For the A candidates, the bias is at the 8% level in most 
rapidity bins and at the 5% level in the px bins with 
most of the candidates. These biases are assigned as the 
systematic uncertainty on the unfolding procedure. The 
bias due to unfolding the multiplicity distribution is eval- 
uated in a similar manner, with the resulting uncertainty 
rising with multiplicity and reaching the 20% level in the 
three-candidate bin in the Kg case and 40% in the A 
case. 

The statistical uncertainty on the corrected distribu- 
tions in data is evaluated from the spread in the residual 
distribution when unfolding 10000 pseudo-experiments 
generated from the reconstructed data distributions. 
These uncertainties include both the fluctuations in 
the reconstructed distribution itself and any statistical 
spread from the correction procedure. 

D. Event selection 

As the data sample and event selection requirements in 
this measurement arc identical to those used in Ref. [6], 
the systematic uncertainties on the event selection are 
taken directly from that analysis. These include uncer- 
tainties on the presence of beam backgrounds, the trig- 
ger efficiency, the efficiency of primary vertexing, and the 
presence of additional primary vertices from pile-up col- 
lisions. The total systematic uncertainty on the number 
of Kg and A hadrons due to the event selection is 0.1%. 

E. Total uncertainty on Kg and A production 

All the systematic and statistical uncertainties on the 
Kg distributions in 7 TeV data are summarized in Fig. 6. 
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FIG. 6. The systematic, statistical, and total uncertainties 
versus pt (top) and rapidity (bottom) of the Kg candidate in 
7 TeV data. 
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FIG. 7. The systematic, statistical, and total uncertainties 
versus px (top) and rapidity (bottom) of the A candidate in 
7 TeV data. 



The total uncertainty, which is dominated by the system- 
atic component, is at the 5% level in the peak of the pT 
distribution and rises to 10% at higher px- In the rapidity 
distribution, the uncertainty is at 4% in the central re- 
gion and rises to 6 — 8% in the forward region. Figure 7 
summarizes the systematic and statistical uncertainties 
on the A distributions, which are larger everywhere but 
show qualitatively similar behavior. 



F. Systematic uncertainty on the A/A ratio 

Several systematic effects on the A/ A production ratio 
are considered: 

• The modeling of the interaction cross section for 
antiprotons in detector material and its difference 
from the corresponding cross section for protons; 

• The interactions of A and A baryons in the detector 
material before decaying; 

• Contamination from secondary A and A baryons. 



1. Modeling of proton and antiproton reconstruction 

The cross sections used by the GEANT4 simulation to 
model the nuclear interactions of antiprotons with mate- 
rial have been found to be over-estimated by the ALICE 
experiment [1, 29]. Any such overestimate biases the cor- 
rection to the A/ A ratio described in Section VB. To 
constrain the accuracy of the GEANT4 model, patterns 
of hits on tracks in the outermost two layers of the SCT 
are compared between data and MC. For tracks that have 
hits in the three Pixel layers and the first two SCT layers, 
the fraction that do not have hits in the outer two layers is 
a measure of the inefficiency due to material interactions 
in those layers. This inefficiency is compared between 
data and MC for protons (antiprotons) coming from the 
selected A (A) candidates and corrected for background 
contributions using the invariant-mass sidebands. While 
the data and MC are consistent for proton tracks, the ef- 
ficiency for antiprotons is significantly lower in MC than 
in data, consistent with the expectation that the inter- 
action cross section for antiprotons is overestimated in 
GEANT4. Comparing the ratio of antiproton-to-proton 
efhciency in the outer two layers between data and MC, 
a multiplicative correction factor to the A/ A ratio is ex- 
tracted as a function of px of the A candidate. This factor 
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ranges from 0.9 at pT = 500 MeV to 0.99 at pT = 2 GeV. 
(A candidates below 500 MeV are rejected as not enough 
proton candidates arc reconstructed at low px to reli- 
ably evaluate the correction factor for these candidates.) 
As several correction factors can be formed from various 
combinations of hit patterns in the outer two layers, the 
largest variation among them is taken as a systematic 
uncertainty on this correction. This uncertainty ranges 
from 5% at pt = 500 MeV to about 1% at pT = 2 GeV. 
As an additional cross-check, a sample of protons is se- 
lected using the specific energy loss dE/dx measurement 
in the Pixel detector [30] and similar data-MC correc- 
tion factors are calculated using the efficiency to extend 
the Pixel tracks to the SCT. The resuhs of the dE/dx 
method are consistent with the hit-pattern study. 



Interactions with material before decay and secondary A 
production 



When evaluated versus the radial position of the decay 
vertex, the reconstructed A/ A ratio shows sharp discrete 
changes of up to 10% at the detector layers. In the MC 
sample, the dominant cause of this effect is the asym- 
metric interaction of A and A baryons with the detector 
material before decay, since such interactions preclude 
the reconstruction of the final state of interest. In ad- 
dition, roughly 15% of the effect is caused by secondary 
baryons asymmetrically produced at the detector layers 
by nuclear interactions of other particles. To constrain 
the modeling of these effects in the MC sample, the dif- 
ference between data and MC in the change of the ratio 
at the detector layers is evaluated. The data/MC dif- 
ferences at every layer of the tracker are added together 
and the sum is assessed as a systematic uncertainty. Al- 
though the value varies in different regions of the detector 
due to detector geometry, the largest value of 2.6% (ob- 
tained in the central region) is conservatively assigned 
to the entire measured tracking acceptance. Other eval- 
uations of possible effects of interactions with material 
in the MC sample yield an additional 1.5% uncertainty, 
for a total uncertainty of 3%. Although the radial study 
already includes the effect of secondary A baryons pro- 
duced at the detector layers, an additional uncertainty 
of 1.5% evaluated from the MC sample is assessed to ac- 
count for the effect of A baryons produced in the decay 
of heavier strange baryons. 





Systematic uncertainty 


Antiproton cross section 
(pT-dependent) 


± 1.0-2.8 % 


Interaction with material 


± 3.0 % 


Secondary production 


± 1.5 % 


Total 


± 3.5-4.4 % 



TABLE II. Summary of all systematic uncertainties on the 
A/A production ratio, in %. 
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FIG. 8. The corrected px distribution of Kg mesons in 7 TeV 
data compared with the hadron-level distributions in the MC 
samples for a variety of tunes, normalized to unity. The bot- 
tom part of the plot shows the ratio of the MC and data 
distributions, with the shaded band showing the statistical 
and systematic uncertainties on the data sample added in 
quadrature. 



VII. RESULTS 



3. Total uncertainty on A production ratio 

The systematic uncertainties are summarized in Ta- 
ble II. The uncertainty is largest at low px, where it 
is at the 4.5% level, and approaches the 3.5% level at 
higher pxj where the effect of the proton and antiproton 
modeling in GEANT4 is smallest. 



In all corrected distributions. Kg mesons are required 
to have a flight distance between 4 mm and 450 mm 
and to decay to two charged pions with \r]\ < 2.5 and 
Pt > 100 MeV, while A and A baryons are required to 
have Pt > 500 MeV, flight distance between 17 mm 
and 450 mm, and to decay to a proton and a pion 
with Ir^l < 2.5 and px > 100 MeV. Only iCg and A 
hadrons consistent with originating from the primary ver- 
tex are considered. The px and rapidity distributions 
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FIG. 9. The corrected rapidity distribution of K'g mesons in 
7 TeV data compared with the hadron-level distributions in 
the MC samples for a variety of tunes, normalized to unity. 
The bottom part of the plot shows the ratio of the MC and 
data distributions, with the shaded band showing the statis- 
tical and systematic uncertainties on the data sample added 
in quadrature. 



are normalized to the number of A'^ or A hadrons, while 
the multiplicity distributions are normalized to the total 
number of events with two charged particles satisfying 
PT > 100 MeV and \r^\ < 2.5. The multiplicity distri- 
butions arc corrected for branching fractions to the mea- 
sured final states using world-average values [27]. Pre- 
dictions from several MC generators arc shown with the 
same acceptance requirements. 

Figures 8 and 9 show the corrected production distri- 
butions of Kg mesons versus transverse momentum and 
rapidity, respectively, in 7 TeV data. Figure 10 shows the 
distribution of Kg multiplicity in 7 TeV data. Figures 11 
and 12 show the corrected production distributions of 
Kg mesons versus transverse momentum and rapidity, 
respectively, in 900 GeV data, while Fig. 13 shows the dis- 
tribution of Kg multiplicity in 900 GeV data. Figures 14 
and 15 show the corrected production distributions of A 
baryons versus transverse momentum and rapidity, re- 
spectively, in 7 TeV data, while Fig. 16 shows the distri- 
bution of A multiplicity in 7 TeV data. Figures 17 and 18 
show the corrected production distributions of A baryons 
versus transverse momentum and rapidity, respectively, 
in 900 GeV data, while Fig. 19 shows the distribution of 
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FIG. 10. The corrected multiplicity distribution of Kg mesons 
in 7 TeV data compared with the hadron-level distributions 
in the MC samples for a variety of tunes, normalized to unity. 
The bottom part of the plot shows the ratio of the MC and 
data distributions, with the shaded band showing the statis- 
tical and systematic uncertainties on the data sample added 
in quadrature. 



A multiplicity in 900 GeV data. 

The fully corrected A/ A production ratio is shown 
in Fig. 20 versus the absolute value of rapidity and in 
Fig. 21 versus p^, along with predictions from several 
MC models. The ratio is shown only for candidates 
with pt > 500 MeV. The corrected ratio is consistent 
with unity everywhere, while the uncertainties within 
the barrel, transition, and endcap regions in rapidity are 
highly correlated due to common detector corrections 
and systematic effects. The measurement is statistically 
limited at higher pT, while at lower pT the systematic 
effects of the modeling of antiproton reconstruction in 
simulation dominate the uncertainty. Figs. 22 and 23 
show the A/A production ratio in 900 GeV data. 
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FIG. 11. The corrected pt distribution of Kg mesons in 
900 GeV data compared with the hadron-level distributions 
in the MC samples for a variety of tunes, normalized to unity. 
The bottom part of the plot shows the ratio of the MC and 
data distributions, with the shaded band showing the statis- 
tical and systematic uncertainties on the data sample added 
in quadrature. 



FIG. 12. The corrected rapidity distribution of Kg mesons in 
900 GeV data compared with the hadron-level distributions 
in the MC samples for a variety of tunes, normalized to unity. 
The bottom part of the plot shows the ratio of the MC and 
data distributions, with the shaded band showing the statis- 
tical and systematic uncertainties on the data sample added 
in quadrature. 



VIII. DISCUSSION AND CONCLUSIONS 

While the shape of the rapidity distribution for Kg 
mesons in 7 TeV data agrees with the hadron-level 
PYTHIA distributions to 5% (Fig. 9), the pythia tunes 
fall more slowly than data versus pT above 2 GeV (Fig. 8), 
although the deviations are within 15% everywhere ex- 
cept at the lowest px bin. This shape discrepancy is 
much improved from the earlier generation of tunes used 
in ATLAS, as the current models have been tuned using 
minimum-bias data from the LHC experiments. The best 
agreement is observed in the pythia6 Zl tune, but the 
variation among the pythia tunes is small. Although 
the shape of the HERWIG++ distribution (UE7-2 tune) 
agrees with data above 3 GeV, it does a poor job at lower 
momenta. All of the MC models underestimate the num- 
ber of Kg mesons per minimum-bias event (Fig. 10), but 
the experimental uncertainties preclude drawing a sig- 
nificant conclusion about the shape of the multiplicity 
distribution. 

In the case of A baryons at 7 TeV, all of the tunes 
disagree with data at high-pT and to a greater degree 
than in the Kg case (Fig. 14). The worst agreement 



is for PYTHIAS, which deviates from data by a factor 
of about 2.5 at the highest measured momenta. The 
Perugia2011 and Zl tunes also significantly overestimate 
the production of A baryons per event at both energies 
(Fig. 16). 

The AMBT2B tune agrees with 900 GeV data for iCg 
mesons to better than about 25% across the whole 
range (Fig. 11), while herwig-|— |- (MU900-2 tune) dis- 
agrees with data more strongly than in the 7 TeV case 
(UE7-2 tune). The number of Kg mesons per event 
(Fig. 13) is underestimated as in the 7 TeV data. In 
the A Pt distribution (Fig. 17) all tunes agree with data 
better at 900 GeV than at 7 TeV. 

The A/ A production ratio at both energies is consis- 
tent with unity everywhere and does not show a signifi- 
cant variation with either rapidity or px within our total 
uncertainties. HERWIG++ (MU900-2 tune) shows a de- 
crease in the ratio versus both px and rapidity at 900 GcV 
that is not reproduced by the data (Fig. 22). The mea- 
surement is consistent with other antibaryon-baryon ra- 
tio measurements from the ALICE, LHCb, and STAR 
experiments [1, 29, 31, 32]. Measurements from several 
other experiments are shown in Fig. 24 in terms of the 
difference between the rapidity of the observed baryons 
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FIG. 13. The corrected multiplicity distribution of Kg mesons 
in 900 GeV data compared with the hadron-level distributions 
in the MC samples for a variety of tunes, normalized to unity. 
The bottom part of the plot shows the ratio of the MC and 
data distributions, with the shaded band showing the statis- 
tical and systematic uncertainties on the data sample added 
in quadrature. 



and the rapidity of the proton beam (j/bcam ~ 8.9 and 6.9 
at 7 TeV and 900 GcV, respectively), along with a com- 
bined fit to the following functional form [29] that has 
been found empirically to describe the data at several 
energies: 



1 



ratio 



1 + C X et"-^-"^''^^ 



(3) 



where aj and ap are related to the string-junction and 
Pomeron models, respectively. Following Ref. [29], the 
parameters are fixed to aj = 0.5 and ap ~ 1.2 and the 
value C = 4.6 ± 0.5 is obtained from the fit, assuming 
that the uncertainties are uncorrelated among the mea- 
surements. 

In summary, measurements are presented of the pt, 
rapidity, and multiplicity distributions of Kg and A pro- 
duction in pp collisions at ^/s ~ 0.9 and 7 TeV with 
the ATLAS detector, as well as the A/A production ra- 
tio. The data results are compared with several recent 
PYTHIA MC models that were tuned on early LHC data 
and are found to describe the data significantly better 
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FIG. 14. The corrected pt distribution of A baryons in 7 TeV 
data compared with the hadron-level distributions in the MC 
samples for a variety of tunes, normalized to unity. The bot- 
tom part of the plot shows the ratio of the MC and data 
distributions, with the shaded band showing the statistical 
and systematic uncertainties on the data sample added in 
quadrature. 



than the previous generation of tunes. All PYTHIA tunes 
underestimate the production of Kg mesons per event 
and overestimate the production of A baryons per event. 
The HERWIGH — h tunes significantly disagree with data 
in both Pt and multiplicity at the respective energies. 
Despite the general improvement in the agreement with 
data, no considered model agrees in both the pt and mul- 
tiplicity quantities simultaneously, indicating the need for 
further model development. The A/ A ratio is consistent 
with unity in data, indicating that no significant trans- 
port of baryon number to mid-rapidities is present, in 
accordance with SM predictions and measurements from 
other experiments. 
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in quadrature. 



FIG. 18. The corrected rapidity distribution of A baryons in 
900 GeV data compared with the hadron-level distributions 
in the MC samples for a variety of tunes, normalized to unity. 
The bottom part of the plot shows the ratio of the MC and 
data distributions, with the shaded band showing the statis- 
tical and systematic uncertainties on the data sample added 
in quadrature. 



Otsuki and F. Toyoda, Prog. Theor. Phys. 52, 341 (1974); 
Prog. Theor. Phys. 54, 280 (1975); B.Z. Kopeliovich, 
Sov. J. Nucl. Phys. 45, 1078 (1987); B.Z. Kopeliovich, 
B. Povh, Z. Phys. C75, 693 (1997); B.Z. Kopeliovich, B. 
Povh, Phys. Lett. B446, 321 (1999); D. Kharzeev, Phys. 
Lett. B378, 238 (1996); C. Merino et al., Eur.Phys.J. C54 
577 (2008); C. Merino, M.M. Ryzhinskiy, Yu.M. Shabel- 
ski, arXiv:0906.2659; S. E. Vance and M. Gyulassy, Phys. 
Rev. Lett. 83, 1735 (1999). 

[6] ATLAS CoUaboration, New J. Phys. 13 (2011) 053033. 

[7] The ATLAS reference system is a Cartesian right-handed 
coordinate system, with the nominal collision point at 
the origin. The counter-clockwise beam direction defines 
the positive z-direction, while the positive x-direction is 
defined as pointing from the collision point to the center 
of the LHC ring and the positive y-axis points upwards. 
The azimuthal angle (j> is measured around the beam axis 
and the polar angle 9 is measured with respect to the z- 
axis. The pseudorapidity is defined as 77 = — In [tan(6/2)], 
while the rapidity is defined as j/ = i In ^-p'l ' where E 
is the particle energy and pz, is the particle momentum 
along the z-axis. 

[8] ATLAS Collaboration, JINST 3 (2008) S08003. 

[9] L. Evans, (ed.) and P. Bryant, (ed.), JINST 3 (2008) 
S08001. 

[10] T. Sjostrand, S. Mrenna, and P. Skands, JHEP 05 (2006) 



026. 

[11] ATLAS Collaboration, ATLAS Monte Carlo Tunes for 

MC09, ATL-PHYS-PUB-2010-002. 
[12] GEANT4 Collaboration, S. AgostineUi et al., Nucl. Instr. 

Meth. A506 (2003) 250303. 
[13] R. Engel, Z. Phys. C66 (1995) 203-214. 
[14] ATLAS Collaboration, ATLAS tunes of PYTHIA6 and 

PYTHIA8 for MCll, ATL-PHYS-PUB-201 1-009. 
[15] J. Pumphn et al., JHEP 07 (2002), 012. 
[16] P. Skands, Phys. Rev. D 82, 074018 (2010). 
[17] CTEQ Collaboration, Eur. Phys. J. C 12 (2000) 375. 
[18] R. Field, Early LHC Underlying Event Data - Findings 

and Surprises (2010), arXiv: 1010.3558. 
[19] T. Sjostrand, S. Mrenna, and P. Skands, Comput. Phys. 

Comm. 178 (2008). 
[20] R. Corke and T. Sjostrand, JHEP 03 (2011) 032. 
[21] M. Bahr et al., Eur. Phys. J. C 58 (2008), 639-707. 
[22] S. Gieseke, et al., herwig-|--H 2.5 Release Note (2011), 

arXiv:1102.1672. 

[23] http://projects.hepforge.org/herwig/trac/wiki/MB_UE_tunes. 
[24] A. Sherstnev and R. S. Thorne, Eur. Phys. J. C 55 (2008), 
553-575. 

[25] ATLAS Collaboration, Performance of the ATLAS Sili- 
con Pattern Recognition Algorithm in Data and Simula- 
tion at yi = 7 TeV, ATLAS-CONF-2010-072. 

[26] ATLAS Collaboration, Tracking Results and Comparison 



15 



"O 0.1 



0.6- 



0.4- 



0.2- 




2 

■B 1.5 

CO 

1 

0.5 



ATLAS 



A 

1 



s = 900 GeV 
1 



Ldt = 7 



• Data 
Pythia 6 AMBT2B 

Pythia6Z1 

Pythia 6 Perugia2011 

Pythia 8 4C 
Herwig++ 



MC / Data 

Data Uncertainties 




A multiplicity 

FIG. 19. The corrected multiplicity distribution of A baryons 
in 900 GeV data compared with the hadron-level distributions 
in the MC samples for a variety of tunes, which are normalized 
to unity. The bottom part of the plot shows the ratio of the 
MC and data distributions, with the shaded band showing the 
statistical and systematic uncertainties on the data sample 
added in quadrature. 



to Monte Carlo simulation at = 900 GeV, ATLAS- 

CONF-2010-011. 
[27] K. Nakamura et al. (Particle Data Group), J. Phys. G 

37, 075021 (2010). 
[28] ATLAS CoUaboration, JINST 3 (2008) P04003. 
[29] ALICE Collaboration, Phys. Rev. Lett. 105, 072002 

(2010). 

[30] ATLAS Collaboration, dE/dx measurement in the AT- 
LAS Pixel Detector and its use for particle identification, 
ATLAS-CONF-2011-16. 

[31] LHCb Collaboration, Measurement of V'^ production 
ratios in pp collisions at ^/s — 0.9 and 7 TeV, 
arXiv: 1107.0882. 

[32] STAR Collaboration, Phys. Rev. C 75, 064901 (2007). 



< 



1.2 



0.8 

0.6 

0.4 

0.2 
0.5 




I Data 

- Pythia 6 AMBT2B 

Pythia 6 Z1 

Pythia 6 PerLjgia2011 
■ PYTHIA 8 4C 

HerwiQ++ 



1.5 



ATLAS 

\fs = 7 TeV 
Ldt = 190 Jib"' 



2.5 



3.5 4 
Pj [GeV] 



FIG. 21. The production ratio between A and A baryons in 
7 TeV data versus px. The error bars show the statistical 
uncertainties while the band shows statistical and systematic 
uncertainties added in quadrature. 



< 
\< 
o 



1.2 
1 

0.8 
0.6 
0.4 
0.2 







- Data 

- Pythia 6 AMBT2B 
Pythia 6 Z1 

Pythia 6 Perugia2011 
■ Pythia 8 4C 
Herwig++ 



0.5 



ATLAS 

\fs = 7 TeV 
Ldt = 190nb"' 



1.5 



2.5 

|y| 



FIG. 20. The production ratio between A and A baryons in 
7 TeV data versus the absolute value of the rapidity. The error 
bars show the statistical uncertainties while the band shows 
statistical and systematic uncertainties added in quadrature. 



< 



1.2 
1 

0.8 

0.6 
0.4 
0.2 







ri~| Data 

Pythia 6 AMBT2B 

Pythia 6 Z1 

- ' Pythia 6 Perugia2011 
Pythia 8 4C 

- ■ - ■ Herwig++ 



ATLAS 

\fs = 900 GeV 
Ldt = 7 lib"' 



0.5 



1.5 



2.5 

|y| 



FIG. 22. The production ratio between A and A baryons 
in 900 GeV data versus the absolute value of the rapidity. 
The error bars show the statistical uncertainties while the 
band shows statistical and systematic uncertainties added in 
quadrature. 



16 



< 
1^ 



2 
1.8 
1.6 
1.4 
1.2 

1 

0.8 
0.6 
0.4 



ATLAS 

" \fs = 900 GeV 
Lclt = 7^b"' 



-f- 



-•— Data 

Pylhia6AMBT2B 

--- PythiaSZI 

Pythiafi Perjgia2Q11 

Pythia8 4C 

■ - ■ Herwig++ 



■+-=t- 



0.5 



1.5 



2.5 



3 3.5 
Pj [GeV] 



FIG. 23. The production ratio between A and A baryons in 
900 GeV data versus pt- The error bars show the statistical 
uncertainties while the band shows statistical and systematic 
uncertainties added in quadrature. 



I 1.2 



a 



1 

0.8 
0.6 
0.4 
0.2, 



ATLAS 




■e — ATLAS data- Vs = 7 TeV 
-• — ATLAS data - Vs = 900 GeV 
■A — LHCb data - Vs = 7 TeV 
-A — LHCb data - Vs = 900 GeV 
STAR data - Vs = 200 GeV 



10 
Ay 



FIG. 24. The production ratio between A and A baryons 
measured by ATLAS and other experiments versus the rapid- 
ity difference with respect to the beam. The error bars on 
the ATLAS data show statistical and systematic uncertain- 
ties added in quadrature. The solid line shows the fit to all 
data points described in the text. 



17 



The ATLAS Collaboration 



G. Aad^s, B. Abbott"!, j_ Abdallah", 

A. A. Abdclalim''^, A. Abdesselam"^, O. Abdinov^^, 

B. Abi"2, M. Abolins'^®, H. Abramowicz^^^, 

H. Abreu"^ E. Accrbi^s^'*^^'^, B.S. Acharyai64a,i64b^ 

D. L. Adams24, T.N. Addy^e, J. Adelmani^^^ 
M. Aderholz^^ S. Adomeit^*, P. Adragna'^^ 

T. Adyei29, S. Aefsky22, J.A. Aguilar-Saavedrai^^b.", 
M. Aharrouche^i, S.P. Ahlen^i, F. Ahles''^ 
A. Ahmad"8, M. Ahsan^o, G. Aielli"3a,i33b^ 

T. Akdogan^*^, T.P.A. Akesson^^, G. Aki^lotol5^ 

A.V. Akimov A. Akiyama^'^, M.S. Alani\ 

M.A. Alam^e^ J. Albertl6^ S. Albrand5^ M. Aleksa^^, 

I. N. Aleksandrov^^, F. Alessandria*^'', C. Alexa^^'', 
G. Alexander^^^, G. Alexandre''^, T. Alexopoulos^, 

M. Alhroob^o, M. Aliev^^ , G. Alimonti*^^, J. Alisoni^o, 
M. Aliyeyio, p.p. AUport^^^ S.E. Allwood-Spiers^^^ 
J. Almond82, A. Aloisioi°2a,i02b^ ^ Aloni^i, 

A. Alonso^^, B. Alvarez Gonzalez®*, 

M.G. Alviggii02a,i02b^ Amako^s^ Amaral^^, 

C. Amelung22, V.V. Amniosov^^s^ ^ Amorimi24a,h^ 
G. Amoros^^'', N. Amram^^'^, C. Anastopoulos^^, 

L.S. Ancuie, N. Andari"^^ T. Andeen^^, C.F. Anders^o, 

G. Andcrs^*^, K.J. Anderson^", A. Andreazza*'^'''*^'^, 

V. Andrci^*^, M-L. Andriellx'5^ X.S. Anduaga™, 

A. Angcrami^^, F. Anghinolfi^^, N. Anjos^24a^ 

A. Annovi^'', A. Antonaki*, M. Antonelli'''^, 

A. Antonov^^ J. Antos"4b^ p. Anulli"2a^ s. Aoun*^, 

L. Aperio Bella", R. Apolle"*'^ G. Arabidze**, 

I. Aracena"3, Y. Arai^^^ A.T.H. Arce""^ 

J.P. Archambault^s, S. Arfaoui®^, J-F. Arguin", 

E. Ariki*^'*, M. Arik^*^, A.J. Armbrustcr*^, 

O. Arnaez®\ A. Artamonov^^, G. Artonii32a,i32b^ 

D. Arutinov^o, S. Asai^^^, R. Asfandiyarov^'^^^ Ask^'^, 



B. As 



,146a,146b 



, L. Asquitli , K. Assamagan 



A. Astburyi*^^, A. Astvatsatourov^^^ q Atoian^''^, 

B. Auberf*, E. Auge"^ K. Augsten^^^^ 

M. Aurousseau^'*^'', G. Avolio^'^^, R. Avramidou^, 
D. Axcni68, C. Ay^4^ q AzucIos^^.'', Y. Azumal5^ 
M.A. Baak29, G. BaccaglioniS^^, C. Baccii34a,i34b^ 
A.M. Bachi4, H. Bachacoui^e, K. Bachas^^, G. Bachy^^, 
M. Backes''^, M. Backhaus^o, E. Badescu^^^, 
P. Bagnaia"2a,i32b^ g Bahinipati^, Y. Bai^^^, 
D.C. Baileyis^ T. Bain^^^ J.T. Baines^^Q^ 
O.K. Baker"^ M.D. Baker^", S. Baker^^ E. Banas^^, 
P. Banerjee^'^, Sw. Banerjee^''^, D. Banfi^^, 

A. Bangcrt"7^ y. Bansal^^s, H.S. Bansil^^, L. Barak^^^, 
S.P. Baranov^"*, A. Barashkou^'"', A. Barbaro Galtieri^"*, 
T. Barbcr^^, E.L. Barberio®^ D. Barberis^o^^'^^^, 

M. Barbero^o, D.Y. Bardin^^, T. Barillari^^, 
M. Barisonzi^'^'*, T. Barklow^^^^^ N. Barlow^^, 

B. M. Barnetti29, R.M. Barnetti-*, A. Baroncellii^"^^ 
G. Barone"^, A.J. Barr^^*, F. Barreiro®°, J. Barreiro 
Guimaraes da Costa^'', R. Bartoldus^"^, A.E. Barton''^, 
V. Bartschi49, R.L. Bates'^a, L. Batkovai""^^ 

J.R. Batley2'^, A. Battagliai*^, M. Battistin^^, 
G. Battistoni^s^, F. Baucr"^ H.S. Bawa"3.e^ 



B. Bcare^ss^ Beau^®, P.H. Bcauchcmini^^ 

R. Beccherle^°^, P. Bechtle^'i, H.P. Beck^^ S. Becker^^ 
M. Beckingham^s^ K.H. Becksi^"^ a.J. Beddall^^^ 
A. Beddall^^^ S. Bedikianl7^ V.A. Bednyakov^s, 
CP. Bee**^ M. Begel^*, S. Behar Harpazi^s^ 
P.K. Behcra'^^ M. Bcimfordc^^, 

C. Belanger-Champagnc*^^ P.J. Bcll'*^ W.H. BcU^^, 
G. Bellai53^ l. BcUagambai^^, F. BcUina^s, 

M. Bcllomo29, A. BcUoni^^ O. Beloborodova^o^ 
K. Belotskiy9^ O. Beltramello^^, S. Ben Ami^^^ , 
O. Benary^^3^ p) Benchckroun^^Sa^ Benchouk®^^ 

M. Bendel*^\ N. Benekos^^s, Y. Bcnhammoul5^ 

D. P. Benjamin^"^ Benoit"^ J.R. Bcnsinger^^, 
K. Benslama^^o^ g Bcntvelsen^°^, D. Bcrgc^^, 

E. Bcrgcaas Kuutmann"*^ , N. Bcrgcr^, F. Berghaus^^^, 
E. Bcrglund"*^, J. Bcringcr^^, P. Bcrnat''^, 

R. Bcrnhard^*^, C. Bernius^^, T. Berry'^^ 

A. Bertini^'^'is'^, F. BertinellP, F. Bertoluccii22a,i22b^ 

M.L Besana^^^'^si^, N. Besson^^e^ Bethke^^ 

W. Bhimji^s, R.M. Bianchi29, M. Bianco^2a,72b^ 

O. Bicbcl9^ S.P. Bienick^^ K. Bicrwagen^^, 

J. Bicsiada", M. Biglicttii34a,i34b^ ^i. Bilokon^^, 

M. Bindii9^'i9>^, S. Binct"^ A. Bingul^^^ 

C. Binii32a,i32b^ Q Biscarat^''^ U. Bitenc4^ 

K.M. Black2i, R.E. Blair^, J.-B. Blanchard"^ 

G. Blanchot29, T. Blazeki^*^^ c. Blocker22, J. Blocki^s, 

A. Blondel4^ W. Blum^i, U. Blumenschein^^, 

G.J. Bobbink^o^ V.B. Bobrovnikovi°^ 

S.S. Bocchetta™, A. Bocci*^, C.R. Boddy"^ 

M. Bochlcr^i, J. Boek^^*^ jv^^ Boelaert^s, S. Boser^^, 

J.A. Bogacrts29, A. Bogdanchikov^^^, A. Bogouch^^'*, 

C. Bohm"6a^ V. Boisvcrt^e^ T. Bold^^, V. Boldea25^, 

N.M. Bolnet"^, M. Bona^^ V.G. Bondarenko^^ 

M. Bondioli^^^^ ^ Boonekampi^e^ Q. Boorman^^, 

C. N. Boothi39^ g. Bordoni™, C. Borer^s, A. Borisovi28, 
G. Borissov''S I. Borjanovic^2a^ g Borroni®'', K. Bos^°^, 

D. Boschcrini^^'^, M. Bosman^^, H. Botercnbrood^^^, 

D. Bottcrilli29^ J Bouchami^^^ j Boudrcaui23^ 

E. V. Bouhova-Thacker''^, C. Bourdarios^^^, 

N. Bousson**^, A. Bovcia^o, J. Boyd29, LR. BoykoS^ 
N.L Bozhko^28^ i Bozovic-Jelisavcic^2b^ Bracinik^'', 

A. Braem29, P. Branchini"'*'", G.W. Brandenburg^'^, 

A. Brandt^ G. Brandtl^ O. Brandt^"^ y. Bratzler^^^, 

B. Brau®-*, J.E. Brau""^, H.M. Braun^^^^ g Brclicri^s, 
J. Brciner29, R. Brcnncr^^^, S. Brcsslcr^^2^ 

D. Breton"^ D. Britton^^^ P.M. Brochu27, L Brock20, 

R. Brock*®, T.J. Brodbeck^\ E. Brodet^^^^ 

P. Broggi®^^, C. Bromberg®®, G. Brooijmans^''^, 

W.K. Brooks^ii^, G. Brown®2, H. Brown^ 

P.A. Bruckman de Renstrom^®, D. Bruncko^'*^^, 

R. Brimeliere^®, S. Brunet''\ A. Brunii^^, G. Bruni^^^, 

M. Bruschiis^, T. Buanes^^^ p Bucci''^, J. Buchanan"®, 

N.J. Buchanan2, P. Buchholz"i, R.M. Buckingham"®, 

A. G. Buckley45, S.I. Buda25^, LA. Budagov^s, 

B. Budickio®, V. Biischcr®!, L. Buggc"^ 

D. Buira-Clark"®, O. Bulekov9^ M. Bunse'*2, 

T. Buran"'^, H. Burckhart29, S. Burdin'^^ T. Burgess^^^ 

S. Burkei29, E. Busato^^, P. Bussey^^^ CP. Buszellol6^ 



18 



F. Butin29, B. ButlGr"3, j.M. Butlcr^i, CM. Buttar^^ 
J.M. Butterworth^'^, W. Buttinger^'^, S. Cabrera 
Urbanif^^ D. Caforioi^'^'is*^, O. Cakir^^, P. Calafiural^ 

G. Calderini^*, P. Calfayan^^ R. Calkinsi^^^ 
L.P. Caloba23^ R. Caloii32a,i32b^ Calvet^^, 

S. Calvet33, R. Camaclio Toro^^, P. Camarrii33a,i33b^ 

M. Cambiaghi"9^'"9i^, Canieroii"^ 

L.M. Caminada^'*, S. Campana^^, M. Campanelli^'', 

V. Canalci°2^'i°2b^ p. Canelli^O'/, A. Cancpa^^^^, 

J. Caiitero*^°, L. Capassoi°2a,i02b^ 

M.D.M. Capeans Garrido2^ I. Caprini^s^, 

M. Caprini^s^, D. Capriotti^^, M. Capua^e^'Seb^ 

R. Caputo"8, R. Cardarelli"3a^ T. Carli^^, 

G. Carlinoi02a^ L. Carminati^^^'^^'^, B. Caroni59a^ 

S. Caron^s, G.D. Carrillo Montoya^^^ A.A. Carter^^^ 

J.R. Carter27, J. Carvalhoi24a,9^ d. Casadcilo^ 

M.P. Casado", M. Cascellai22a,i22b^ (j ^.j^ggSOa.sob,*^ 

A.M. Castaneda Hernandez 

E. Castaneda-Miranda^''^, V. Castillo Gimenez^^'', 
N.F. Castroi24a^ q. Cataldi^^a^ Cataneo^^, 

A. Catinaccio^^, J.R. Catmore''^ A. Cattai^^, 

G. Cattanii33a,i33b^ Caughron^s, D. Cauzi64a,i64c^ 

P. Cavalleri^s^ D. CavalliS^^ M. Cavalli-Sforza", 
V. Cavasinnii22a,i22b^ Ceradini"4a,i34b^ 

A.S. Cerqueira23b^ A. Cerri^^, L. Cerrito^^ F. Cerutti^^, 
S.A. Cetinisb^ f. Ceveninii02a,i02b^ Chafaq"5a^ 
D. Chakrabortyioe, K. Chan^, B. Chapleau*^^ 
J.D. Chapman^'^, J.W. Chapman^^, E. Chareyre™, 

D. G. Charlton", V. Chavda^^ C.A. Chavez Barajas^^, 
S. Cheatham«^ S. Chekanov^, S.V. Chekulaeyissa^ 

G. A. Chelkov^s, M.A. Chelstowskaio^, C. Chen^^, 

H. Chen24, S. Chen32c, T. Chen^^^:, X. Chen^^^^ 
S. Cheng32a, A. Cheplakov^^, V.F. Chepurnov^s, 
R. Cherkaoui El Moursh"5<=^ y. Chernyatin^^, 

E. Cheu^ S.L. Cheungi^^ L. Chevalier^e^ 

G. Chiefarii"2a,i02b^ p^ Chikovani^i^, J.T. Childers^^^, 
A. Chilingarov^i, G. Chiodini^^a^ ^ Chizhov^s, 
G. Choudalakis^o, S. Chouridoui^^ LA. Christidi", 
A. Christov^s, D. Chromek-Burckhart^s, M.L. Chu^^i, 
J. Chudoba^^s^ q Cij^pg^^ii32a,i32b^ Ciba^^, 

A.K. Ciftci3% R. Ciftci^^, D. Cinca^^, V. Cindro^^^ 

M.D. Ciobotarui63, C. Cioccai^'', A. Ciocio", 

M. Cirilh87, M. Ciubancan^sa, A. Clark^^, P.J. Clark^^, 

W. Clelandi23, J.C. Clcmcns*^^ B. Clcmcnt^s, 

C. Clement 146a, 146b ^ ^ Cliffli^s, Y. Coadou83, 

M. Cobali64a,i64c^ CoccaroSO^'SOb^ Cochran64, 

P. Coe"*^, J.G. Cogani43, j. CoggeshaUi'^5^ 

E. Cogneras^^^ CD. Cojocaru^s, J. Colas'^, 
A.P. Colijnios, C. Collard"5^ N.J. Colhnsi^ 

C. Collins-Tooth53, J. Collot5^ G. Colon«4^ (j^^^^ 

Muiiioi24a^ E. Coniavitis"*^, M.C Conidi", 

M. Consonnii°4^ y. Consorti^^, S. Constantinescu^^^, 

C. Conta"9^'"9b, p^ Conventii02a,ft^ j. Cook^^, 

M. Cooke", B.D. Cooper^^ A.M. Cooper-Sarkar"^^ 

K. Copic^^, T. Cornelissen"4^ m. Corradi^^^, 

F. Corriveau^^'S A. Cortes-Gonzalez^^^, G. Cortiana^^, 

G. Costa^s^, M.J. Costa^^^, D. Costanzo^^g^ 

T. Costin^o, D. C6te29, L. Courneyea^^^, G. Cowan^^ 



C. Cowden27, B.E. Cox82, Cranmeri^^ 

F. Cresciohi22a,i22b^ Cristrnziani^^, 

G. CrOSetti36a'36b^ ^ Cj.^pj72a,72b^ 

S. Crepe-Renaudin^^, C.-M. Cuciuc^^'', 

C. Cuenca Almenar^''^, T. Cuhadar Donszelmann^'^^, 
M. Curatolo47, C.J. Curtis^^ P. Cwetanski*^!, 

H. Czirri4i, Z. Czyczulal^^ S. D'Auria'53, 
M. D'Onofrio^3^ A. D'Orazioi32a,i32b^ 

P.V.M. Da Silva23% C. Da Via*^^^ W. Dabrowski^^, 

T. Dai«^ C. Dallapiccola^^, M. Dam^s, 

M. DamerP'^'S"'^, D.S. Damianii^^^ H.O. Danielsson^^, 

D. Dannhehii^s, V. Dao^^, G. Darbo^^^, G.L. Darlea^^^, 

C. Daumlo^ W. Davey^o, T. Davideki^e^ 

N. Davidson^*^, R. Davidson^\ E. Davies"^''=, 
M. Davies^^, A.R. Davison'"^, Y. Davygora^^^, 

E. Dawe"2^ i Dawson^^s, J.W. Dawson^'*, 
R.K. Daya^^, K. De^ R. de Asmundis^^^a^ 

S. De Castro^^'^'i^'', P.E. De Castro Faria Salgado24, 

S. De Cecco™, J. de Graat^^, N. De Grooti°4^ 

P. de Jongi05^ C. De La Taille"^ H. De la Torre*^°, 

B. De Lotto^'^^'^'i'^^^ L. De Mora^^, L. De Nooijl°^ 

D. De Pedisi32a^ a. De Salvo"2a^ u. De Sanctis^^^'^'i^^^ 

A. De Santoi49, J.B. De Vivie De Regie"^ S. Dean^^, 
R. Debbe24, C. Debenedetti''^ D.V. Dedovich^^, 

J. Degenhardt^^o^ ]y[ Dehchari^^^ C. Del Papai^^^-i^^S 
J. Del Peso*^°, T. Del Pretei22a,i22b^ rp Delemontex5^ 
M. Dehyergiyev^4^ DeU'Acqua^^, L. DeU'Asta^i, 
M. Delia Pietrai02a,'i^ d. della Volpei°2a,i02b^ 
M. Delmastro2^ N. Delruelle^^, P. A. Delsart5^ 

C. Delucal4^ S. Demersl^^ M. Demichev^s, 

B. Deniirkoz"J, J. Deng^^^^ S.P. Denisov^^^, 

D. Derendarz^*, J.E. Derkaoui^^^'^, F. Derue''^, 
P. Dervan'^^ K. Desch^o, E. Devetaki48, 

P.O. Deviveirosiss^ A. Dewhurst^^s, B. DeWildel4^ 
S. Dhaliwall^^ R. Dhullipudi24''=, A. Di Ciaccio"3a,i33b^ 
L. Di Ciaccio'', A. Di Girolamo^^, B. Di Girolamo^^, 
S. Di Luisei34a,i34b^ A. Di Mattiai^^ B. Di Micco^s, 
R. Di Nardo47, A. Di Simonei33a,i33b^ ^ gip-Qi9a,i9b^ 
M.A. Diaz^i^, F. Diblen^^^^ E.B. Diehl^^ J. Dietrich4i, 
T.A. Dietzsch^s^, K. Dindar Yagci3^ J. Dingfelder^o , 

C. Dionisi"2a,i32b^ Dita^sa, S. Dita^^^, F. Dittus^^, 

F. Djama**^ T. Djobava^^^, M.A.B. do Vale23a^ 

A. Do Valle Wemansi24a^ T.K.O. Doan4, M. Dobbs^^ 
R. Dobinson 29-*, D. Dobos^^, E. Dobson^^, 

M. Dobsoni63^ j. Dodd34, C. Doglioni"^^ t. Doherty53, 
Y. Doi^s.*, J. Dolejsii26, i. Dolenc", Z. Dolezal^^*^, 

B. A. Dolgoshein^S'*, T. Dohmael^^ M. Donadelli^sd ^ 
M. Donegai20^ j. Donini5^ J. Dopke2^ A. Doria^o^a^ 
A. Dos Anjos^^^ M. Dosil", A. Dottii22a,i22b^ 
M.T. Dova™, J.D. Dowell^^ A.D. Doxiadisl°^ 

A.T. Doyle^^^ Z. Drasal^^e^ J. Drees"-*, 

N. Dressnandt^^^, H. Drevermann^^, C. Driouichi"^^, 

M. Dris^ J. Dubbert^s, S. Dube*"^, E. Duchovni"i, 

G. Duckeck^s, A. Dudarev^^, F. Dudziak64, 
M. Diihrssen ^9, LP. Duerdoth82, L. Duflot"'\ 
M-A. Dufour**^ M. Dunford^^, H. Duran Yildiz^^, 
R. Duxfield^^s, M. Dwuznik^^, F. Dydak ^9, 

M. Diiren^^ W.L. Ebenstein44, J. Ebke^^ 



19 



S. EckweilcrSi, K. EdmondsSi, C.A. Edwards^^^ 
N.C. Edwards^^^ Ehrenfeld"*!, T. Ehrich^^ 
T. Eifcrt29, G. Eigen^^, K. Einswcilcri"^, 

E. Eisenhandler'^^ T. Ekehf^^, M. El Kacimi"5=, 
M. Ellerti66^ S. Elles'', F. Ellingliaus^i, K. Ellis^^ 
N. Ellis^s, J. Elmsheuser^s, M. Elsing^^, 

D. Emcliyanov^^^, R. Engelmann^"'®, A. Engl^^, 

B. Epp^2^ A. EppigS^, J. Erdmann^"', A. Ercditato^^, 
D. Eriksson"^^'^, J. Ernst\ M. Ernst^^, J. Ernweini^e^ 
D. Erredel6^ S. Erredel^^ E. Ertel^^, M. Escalier"^ 

C. Escobari23^ X. Espinal Curull", B. Esposito"*^, 

F. Etienne^^, A.I. Etienvre"^, E. Etzioni^^^ 

D. Evangelakou^'', H. Evans^i, L. Fabbrii^^'^^'^, 

C. Fabre^s, R.M. Fakhrutdinoyi^s, S. Falciano"2a^ 

Y. Fang"^ M. Fanti^^^^^ss'^ A. Farbin^, A. Farillai34a^ 
J. FarlGy"^ T. Farooque^^^, S.M. Farringtonll^ 
P. Farthouat^^, P. Fassnacht^^, D. Fassouliotis^, 
B. Fatholahzadeh^^^, A. Favareto^^^'^^'^, L. Fayard"^ 
S. Fazio36a'36b^ Febbraro33, P. Federic"4a^ 

0. L. Fedini2i, W. Fedorko^^, M. Fehling-Kaschek^s, 

L. Feligioni83, C. Feng^^d^ E.J. Feng^o, A.B. Fenyuk^^s, 
J. Ferencei^^^^, J. Fcrland^^, W. Fcrnando^^^, 
S. Ferrag^'^, J. Ferrando'^^, V. Fcrrara^^, A. Fcrrari^^^, 
P. Ferrarii°5^ R. Fcrrari"^^, A. Fcrreri^^, M.L. Ferrer*^, 

D. Ferrere''^, C. Ferretti^^ A. Ferretto Parodi^°'''5°'', 
M. Fiascaris^o, F. Fiedler^\ A. Filipcic'^'', A. Filippas^, 

F. FilthautiO"^, M. Fincke-Keeleri^s, 

M.C.N. Fiolhaisi24a,s^ l_ Fioriniis^^ A. Firan^^, 

G. Fischer^i, P. Fischer ^o, M.J. Fisherio^, M. Flechl^^, 

1. Fleck^^^, J. Fleckner^-^, P. Fleischmann^'''^, 

S. Fleischmann""^ p^^^^^m^ L_p,_ piQj.gg CastiUoi^^^ 

M.J. Flowcrdew^'', M. Fokitis^, T. Fonseca Martin^^, 
D.A. Forbush"8, A. Formica"^, A. Forti*^ 
D. Fortini^^'^, J.M. Foster*^^ D. Fournier"^^ 

A. Foussat^s, A.J. Fowler''*, K. Fowler"^, H. Fox^\ 
P. Francavillai22a,i22b^ Franchino"^'''"^'^, 

D. Francis^^, T. Frank^^i, M. Franklin", S. Franz^^, 

M. Fraternali"^^'"^'^, S. Fratina^^o, S.T. French^^, 

F. Friedrich ^'^j R. FroeschP^, D. Froidevaux^^, 

J. A. Frost^'^, C. Fukunaga^^*^, E. FuUana Torregrosa^^, 

J. Fusteri67, C. Gabaldon^^, O. Gabizoni^\ 

T. Gadfort24, S. Gadomski^^, G. Gagliardi^O'^'SOb^ 

P. Gagnon^i, C. Galea^^, E.J. Gallas"^ V. Gallol^ 

B. J. Gallopi29, p. Gallusi25, K.K. G&n^°^, 

Y.S. Gao"3.e, y_A. Gapienkoi28, A. Gaponenkol^ 

F. Garberson-''^^, M. Garcia-Sciveres^*^ C. Garcfa^^'', 
J.E. Garcia Navarro4^ R.W. Gardner^o, N. Garelli^s, 

H. Garitaonandia^^^, V. Garonne-^^, J. Garvey^^, 

C. Gatti''^ G. Gaudio"9% O. Gaumer^^, B. Gaur^^i, 
L. Gauthieri36, ix. Gavrilenko9^ C. Gaylf^^ 

G. Gaycken^o, J-C. Gayde^^, E.N. Gazis^, P. Ge^^d, 
C.N.P. Geei29, D.A.A. Geerts^o^, Ch. Geich-GimbeP, 
K. Gellerstedt 146a, 146b ^ C_ Gemme^o^, A. Gemmell^^^ 
M.H. Genest9^ S. Gentilei32a,i32b^ George'5^ 

S. George^s^ P. Gerlachi^*^ a. Gershoni^s, 
G. Geweniger^s^, H. Ghazlane^^sb^ p. Ghez*, 
N. Ghodbane33, B. Giacobbel9^ S. Giagu"2a432b^ 
V. Giakoumopoulou®, V. Giangiobbe^^^^^'^^^'^, 



F. Gianotti29, B. Gibbard^*, A. Gibsoni^s, 
S.M. Gibson29, L.M. Gilbert"^, V. Gilewsky^i, 
D. Gillberg28, A.R. Gillmani^s, D.M. Gingrich^^'', 
J. Ginzburgi53^ N. Giokaris^, M.P. Giordanii64c, 

R. Giordanoi°2a,i02b^ p_^^ Giorgii^, P. Giovannini^s, 
P.P. Giraud^^e, D. Giugni^s^, M. Giunta^^, P. Giustii^^^, 
B.K. Gjelsteni", L.K. Gladilin^^ G. Glasman^o, 
J. Glatzer^s, A. Glazov^i, K.W. Glitza"*^ 

G. L. Glonti^s, J. Godfrey"2, J. Godlewski29, 
M. Goebel4i, T. Gopfert^s, G. Goeringer«\ 
G. G6ssling42, T. Gottfert^^, S. Goldfarb^^ 

T. GoUingi^s^ S.N. Golovniai28, A. Gomesi24a,6, 

L.S. Gomez Fajardo^'^, R. Gongalo*"^, 

J. Goncalves Pinto Firmino Da Costa^^, L. Gonclla2'^, 

A. Gonidec29, S. Gonzalezi^2^ Gonzalez dc la Hozi*^^ 

G. Gonzalez Parra^^, M.L. Gonzalez Silva26, 

S. Gonzalez-Sevilla'*^, J.J. Goodson-^"*, L. Goossens^^, 

P. A. Gorbounov9^ H.A. Gordon24, I. Gorelovi°3, 

G. Gorfinei^4^ q Gorini29, E. Gorini72a,72b^ 

A. Gorisek^*^ E. Gornicki^s, S.A. Gorokhovi28, 

V.N. Goryachevi28, B. Gosdzik^i, M. Gosselinklo^ 

M.I. Gostkin^^ I. Gough Eschrichi^^^ Gouighrii^Sa^ 

D. Goujdami"5c, ^ p^ Goulette^^, A.G. Goussiou^s, 

G. Goy^ S. Gozpinar22, I. Grabowska-Bold^^ 

P. Grafstr6m29, K-J. Grahn^i, F. Grancagnolo^^a^ 

S. Grancagnolol^ V. Grassil'l^ V. Gratchevi2i, 

N. Grau34, H.M. Gray29, J.A. Gray"8, E. Grazianii34a, 

O.G. Grebenyuki2i, T. Greenshaw^^ 

Z.D. Greenwood24''=, K. Gregersen'^^, I.M. Gregor^^, 

P. Grenier"3, j. Griffiths^s, N. Grigalashvili^s, 

A.A. Grilloi37, S. Grinstein", Y.V. Grishkevich^^ 

J.-F. Grivaz"5, M. Groh^^, E. Gross^^i, 

J. Grosse-Knetter54, J. Groth-Jenseni^i, K. Grybeli*\ 

V.J. Gllarino^ D. Guest^^'s, G. Guicheney^^ 

A. Guida^2a,72b^ p^ Guillemin*, S. Guindon54, 

H. Guler^^'', J. Gunther^^s, B. Guo^^^, J. Guo3^ 
A. Gupta^o, Y. Gusakov^^s^ V.N. Guslichini28, 
A. Gutierrez^^, P. Gutierrez"^ N. Guttman^^^, 
O. Gutzwilleri72^ q Guyot^^ G. Gwenlan^^, 

G. B. GwiUiam^^^ A. Haas^^^^ S. Haas^^, C. Haber^^ 
R. Hackenburg24, H.K. Hadavand^^, D.R. Hadley", 
P. Haefner^s, F. Hahn29, S. Haider^^, Z. Hajduk^*, 

H. Hakobyani^^ J. Haller54^ ^ Hamacheri^*^ 
P. Hamal"3, M. Hamer^"*, A. Hamilton*^ 

S. Hamiltonisi, H. Han32a, L. Han32b, K. Hanagaki"^, 

K. Hanawa^^", M. Hance", C. Handel^i, P. Hanke'^^'^, 

J.R. Hansen^^, J.B. Hansen^^, J.D. Hansen^'', 

P.H. Hansen^s, P. Hanssoni43, K. Harass", 

G.A. Hare"7, T. Harenbergi^4^ Harkusha^o, 

D. Harpers'^, R.D. Harrington■*^ O.M. Harris"®, 

K. Harrison^'^, J. Hartert"®, F. Hartjes^^^, 

T. Haruyama^^, A. Harvey^^, S. Hasegawa^^^ 

Y. Hasegawa^^o, S. Hassanii^e, M. Hatch29, D. HaufP^, 

S. Haugi*^, M. Hauschild29, R. Hauser®*^, 

M. Havranek20, B.M. Hawes"*^, CM. Hawkes^'^, 

R.J. Hawkings^^, D. Hawkinsi63, T. Hayakawa^^, 

T. Hayashiieo, D Hayden^^ H.S. Hayward^^^ 

S.J. Haywoodi29, E. Hazen2\ M. He32d, S.J. Head^^ 



20 



V. Hedberg^^, L. Heelan^, S. Heim®^, B. Heinemann^^ . 
S. Heisterkamp35, L. Helary'*, S. Hellman"6a,i46b^ 
D. Hellmich^o, C. Hclsens", R.C.W. Hendcrson^i , 
M. Henke^^'', A. Henrichs^^, A.M. Henriques Correia^^, 
S. Henrot-Versille^^^, F. Henry- Couannier^^, 

C. Hensel^'', T. Henfii^^^ Q Hernandez'^, 
Y. Hernandez Jimenez^^^, R. Hcrrberg^^, 

A.D. Hershcnhorn^^^, G. Herten"'*, R. Hertenbcrgcr^*, 
L. Hervas^^, N.P. Hessey^"'^, E. Higon-Rodriguez^^'', 

D. m\\^'*, J.C. Hill27, N. Hill^ K.H. Hiller^i, 

S. Hillert^o, S.J. Hillier", I. Hinchliffe", E. Hinesi^o, 

M. Hirose"^ F. Hirsch^^, D. Hirschbuehl""^ 

J. Hobbs"^, N. Hod^^^^ M.C. Hodgkinsoni^s, 

P. Hodgsoni39, A. Hoecker^s, M.R. Hoeferkampio^^ 

J. Hoffmanns, D. HoffmannS^, M. Hohlfeld^i, 

M. Holdcr"\ S.O. Holmgreni46a^ t. Holyi27^ 

J.L. HolzbauerS^ Y. Homma^^ T.M. Hong^^o, 

L. Hooft van Huysduynen^°®, T. Horazdovsky^-^^, 

C. Horni43^ S. Horner^s, K. Horton"^, J-Y. Hostachy^^^ 

S. Houi^\ M.A. Houlden^^ A. Hoummada"^^, 

J. Howarth®^^ ^ p Howell"^, I. Hristova 

J. H^ivnac"^ I. Hruska^^s, T. Hryn'ova^, P.J. Hsu^^, 

S.-C. Hsui"^, G.S. Huangi", Z. Hubaceki^^^ 

F. Hubaut^s, F. Huegging^o, T.B. Huffnian"^^ 

E. W. Hughes^*, G. Hughes^\ R.E. Hughes- Jones*^^^ 
M. Huhtinen29, P. Hurst", M. Hurwitz", 

U. Husemann^\ N. Huseynov^^'™, J. Huston*^, 

J. Huth57, G. lacobucci^s, G. Iakovidis^ M. Ibbotson^^ 

I. Ibragimov^"*^, R. Ichimiya^^, 

L. Iconomidou-Fayard^^^, J. Idarraga^^^, 

P. Iengoi°2a,i02b^ Q Igonkinalo^ Y. Ikegami^e, 

M. Ikeno6^ Y. Ilchenko^^ D. Iliadisl5^ D. Imbault™, 
M. Imoril5^ T. Ince^o, J. Inigo-Golfin^^, P. loannou^, 
M. lodice"'*'', A. Irles Quiles^", C. Isaksson^^'', 
A. Ishikawa'''', M. Ishino*'^, R. Ishmukhametov^^, 

C. Issever"^, S. Istini^^, A.V. Ivashini^s, W. Iwanski^^, 
H. Iwasaki^e, J.M. Izen^o, V. Izzo^o^a^ b. Jacksoni^o, 
J.N. Jackson^3^ P. Jackson"3^ M.R. Jaekel^^, V. Jain^i, 
K. Jakobs^s, S. Jakobsen^s, J. Jakubek^^^^ 

D. K. Jana"\ E. Jankowski^^*, E. Jansen'^^ 

A. Jantsch^^, M. Janus^o, G. Jarlskog™, L. Jeanty", 
K. Jelen^'^, I. Jen-La Plante^°, P. Jenni^^, A. Jeremie'', 
P. Jez35, S. Jezequel", M.K. Jha^^^, H. Ji^^^^ W. Ji^^, 
J. Jia^^'^, Y. Jiang'^^^. M. Jimenez Belenguer^^, 

G. Jin32b, S. Jin32a, O. Jinnouchii^^^ 

M.D. Joergensen^^, D. Joffe^^, L.G. Johansen^'^, 
M. Johansen"6a,i46b^ Johanssoni^Sa^ 

P. Johanssoni39, S. Johnert^i, K.A. Johns^, 

K. Jon- And"6a, 146b ^ q Jones**^ R.W.L. Jones^\ 

T.W. Jones^^ T.J. Jones^^^ O. Jonsson^^, C. Joram^^, 

P.M. Jorgei24a,fc^ J. Joseph", T. Jovini^b, x. Ju^^o, 

C.A. Jung^^ V. Jurancki25, p. Jussel*^^^ 

A. Juste Rozas", V.V. Kabachcnko^^^, S. Kabana^^, 

M. Kaci^'^'^, A. Kaczmarska^^, P. Kadlecik^^, 

M. Kado"^ H. Kaganios, M. Kagan^^, S. Kaiser^^, 

E. Kajomovitz^^^, S. Kahnin^'''^, L.V. Kahnovskaya^^, 
S. Karna^^, N. Kanaya^^^, M. Kaneda^^, T. Kanno^", 
V.A. Kantserov^s, J. Kanzaki^^, B. Kaplanl^^ 



A. KapUy30, J. Kaplon^^, D. Kar^a, M. Karagoz"^, 
M. Karnevskiy'*^, K. Karr^, V. Kartvehshvih''^, 
A.N. Karyukhini28, L. Kashif^^^ G. Kasieczka^sb, 

A. KasmP, R.D. Kassl°^ A. Kastanas", M. Kataoka"*, 
Y. Kataokal^^ E. Katsoufis^ J. Katzy^i, V. Kaushik^, 
K. Kawagoe^^, T. Kawamoto^^^, G. Kawamura^^, 
M.S. Kayllo^ V.A. Kazaninio^, M.Y. Kazarinov^^, 
J.R. Keatcs*^2^ R. Keclcri69, R. Kchoe^^, M. Kcil^"^ 

G. D. Kckehdze^^ J. Kenncdy^^, C.J. Kenncy"^, 
M. Kenyon^^, O. Kepka^^s, N. Kerschen^^, 

B. P. Kersevan", S. Kersten^^*, K. Kessokul5^ 
J. Keungis^ M. Khakzad^^, F. Khahl-zada^^, 

H. Khandanyan^^^, A. Khanov^^^, D. Kharchenko^^, 
A. Khodinov^e, A.G. Kholodenkoi^s, A. Khomich^Sa^ 
T.J. Khoo27, G. KhoriauU^o, A. Khoroshiloyi^^^ 

N. Khovanskiy^^, V. Khovanskiy^^, E. Khramov^^, 

J. Khubua^i^, H. Kim^ M.S. Kim^, P.C. Kim"^, 

S.H. Kimiso, N. Kimurai™, O. Kindi^ B.T. Kmg^^^ 

M. King67, R.S.B. King"^ J. Kirk^^s, L.E. Kh-sch^^, 

A.E. Kiryumn^^, T. Kishimoto^'^, D. Kisielewska^^, 

T. Kittelmanni23, A.M. Kiver^^s, p. Kladiva"^'", 

J. Klaiber-Lodewigs''2, M. Klein^^^ U. Klein^^^ 

K. Klcinknccht*^!, M. Klemetti^s, A. KUer"\ 

A. KUmcntov^-*, R. Khngcnberg'*^ , E.B. Khnkby^^, 

T. KHoutchnikova^s, P.P. Klokio*, S. Klousl°^ 

E.-E. Kluge^^'', T. Kluge^^^ P. Kluitlo^ S. Khith^^, 

N.S. Knechtl5^ E. Kneringer^^, J. Knobloch^^, 

E.B.F.G. Knoops^^^ A. Knue^'', B.R. Ko*^, 

T. Kobayashii'55, M. Kobel''^, M. Kociani^a, 

P. Kodysi26, K. Koneke29, A.G. Konigio^, s. Koenig^i, 

L. Kopkc^i, F. Koetsveld^o^, P. Koevesarki^o, 

T. Koffas^s, E. KofFemanio^, F. Kohn'^*, Z. Kohouti27, 

T. Kohriki^e^ T. Koi^^^, T. Kokott^o, G.M. Kolacheyio^ 

H. Kolanoskil^ V. Kolesnikov^^ I. Koletsou*^^'', 

J. KolF, D. Kollar29, M. Kollefrath^s, S.D. Kolya^^ 

A.A. Komar^-*, Y. Komoril5^ T. Kondo*^^, T. Kono^'^'", 

A.I. Kononov"**, R. Konophch^^®^", N. Konstantinidis'^^, 

A. Kootzi74, S. Koperny37, S.V. Kopikoyi^s, 

K. KorcyF, K. Kordas^^'', V. Koreshev^^s, A. Korn"^ 

A. Korol^o^, I. Korolkov", E.V. Korolkova"^ 

V.A. Korotkovi28, Q. Kortner^^, S. Kortner^^, 

V.V. Kostyukhin^o, M.J. Kotamaki^^, S. Kotov^^, 

V.M. Kotov6^ A. Kotwal''^, C. Kourkoumehs^ 

V. Kouskoura^^''^, A. Koutsman^^^**, R. Kowalewski^^^, 

T.Z. Kowalski^^, W. Kozancckii^e, A.S. Kozhini^s, 

V. Kral^^^, V.A. Kramarenko^'', G. Kramberger''''^, 

M.W. Krasny'^^, A. Krasznahorkay^°®, J. Kraus^^, 

J.K. Kraus^o, A. Kreisel^^^^ F. Krejci^^^, 

J. Kretzschmar'''^, N. Krieger^^, P. Krieger-'^^^, 

K. Kroeninger54, H. Kroha^^, J. KroU^^o, 

J. Kroseberg^°, J. Krstic^^^, U. Kruchonak^^, 

H. Kriiger^o, T. Krukeri'', N. Krumnack^^, 

Z.V. Krumshteyn'^^ A. Kruth^o, T. Kubota^^ 

S. Kuehn^s, A. KugeP^ T. Kuhl^i, D. Kuhn'^^ 

V. Kukhtin6^ Y. Kulchitsky^o, S. Kulcshov^i'^, 

G. Kummer^*, M. Kuna^^ N. Kundu"^ J. Kunkle^^o^ 

A. Kupcoi25, H. Kurashige^^ M. Kurata^™, 

Y.A. Kurochkin^", V. Kus^^s, M. Kuze^", J. Kvita^^, 



21 



R. Kwee^^, A. La Rosa^^, L. La Rotonda^e^'^eb, 

L. Labarga^o, J. Labbe^ S. Lablak^s^^ C. Lacasta^'^^, 

F. Lacavai32a,i32b^ jj. Lacker^^, D. Lacour^^^ 
V.R. Lacuesta^^^ E. LadyginS^ R. Lafaye'', 

B. Laforge^s, T. Lagouri^o^ S. Lai"*, E. Laisne5^ 
M. Lamanna^^, C.L. Lampen^, W. Lampl^, 

E. Lancon"6^ u. Landgraf**, M.P.J. Landon^^^ 

H. Landsman^'^^, J.L. Lane^^, C. Langc"'^, 

A.J. Lankfordi63, F. Lanni^^, K. Lantzschi^^^ 

S. Laplace^^ C. Lapoire^", J.F. Laporte^e, T. Lari^^'^, 

A. V. Larionov A. Larner^^*, C. Lasseur^^, 
M. Lassnig^^, P. Laurelli^'', W. Lavrijsen^'*, 

P. Laycock'^3^ A.B. Lazarev^^, O. Le Dortz'^^, 

E. Le Guirriec^^^ q Lg Maner^ss, E. Le Menedeu^e, 

C. Lebel^^^ T. LeCompte^ F. Ledroit-Guillon^s^ 
H. Lee^os, J.S.H. Lee"^^ S.C. Lee^^i, L. Lee^^^^ 
M. Lefebvre^s^, M. Legendre"^, A. Leger^^, 

B. C. LeGeyti20, F. Legger^^, C. Leggett", 

M. Lehmacher^o, Q. Lehmann Miotto^^, X. Lei^, 
M.A.L. Leite23d, R. Leitneri^e^ D. Lellouch^i, 
M. Leltchouk'^^, B. Lemmcr^"', V. Lendermann'^***, 
K.J.C. Leney"^^, T. Lcnz^os^ G. Lenzeni^^^ ^ LcnzP, 
K. Leonhardt^'^ , S. Leontsinis^, C. Leroy^"^, 
J-R. Lessard^^^, J. Lesser"6a^ c.G. Lcster^^, 
A. Leung Fook Cheong^^^, J. Leveque^, D. Levin*^, 
L.J. Levinsoii"\ M.S. Levitski^^®, A. Lcwis"^, 

G. H. Lewisios, A.M. Leyko^o, M. Leytoni^, B. Li^^, 

H. Lii^^ S. Li^^^'P, X. Li«^ Z. Liang39, Z. Liang^s.-?^ 
H. Liao33, B. Liberti"3a^ p. Lichard^^, 

M. Lichtnecker^s, K. Ue^^^, W. Liebig", R. Lifshitz^ss^ 

J.N. Lilley^"^, C. Limbach^^, A. Limosani^'^^ 

M. Limper63, S.C. Lin^^i.r^ p Lindel°^ 

J.T. Linnemann*^^, E. Lipeles^^", L. Lipinsky^^s^ 

A. Lipniacka^^^ x.M. Lissl^^ D. Lissauer^^, A. Lister^^, 

A. M. Litke"7, C. Liu^s, D. Liui^i'", H. Liu*^^ 
J.B. Liu^^ M. Liu^^b^ Lj^2^ Y. Liu^^b^ 

M. Livaii"9^'"9*', S.S.A. Livcrmorc"^^ A. Lleres^s, 
J. Llorente Merino®°, S.L. Lloyd'^^, E. Lobodzinska''\ 
P. Loch^, W.S. Lockman"7^ t. Loddenkoetter^o, 

F. K. Locbinger^^ A. Loginovl^^ C.W. Loh^^^, 
T. Lohse^^, K. Lohwasser^*^, M. Lokajiceki^s, 
J. Loken V.P. Lombardo", R.E. Long^i, 

L. Lopes^24a,h^ Lopez Mateos", M. Losadai62^ 
P. Loscutoff", F. Lo Sterzoi32a,i32b^ ^ j_ Lostyi^Sa^ 
X. Lou-*", A. Lounis"^ K.F. Lourciroi62, j. Lovc^i, 
P.A. Lovc^i, A.J. Lowe"3,e^ Lu^^"", H.J. Lubatti^^s, 

C. Luci"2a,i32b^ Lucottc^s, A. Ludwig^^ , 

D. Ludwig^*, L Ludwig'*®, J. Ludwig^®, F. Luehring^*, 

G. Luijckxio^ D. Lumb4^ L. Luminari"2a^ e. Lund"^, 

B. Lund-Jensen*^^, B. Lundberg*"^, 

J. Lundberg^s^'-^sb^ Lundquist^^ M. Lungwitz®*, 
G. Lutz^s, D. Lynn24, J. Lys", E. Lytkcn^", H. Ma^*, 
L.L. Ma*^2, J.A. Macana Goia^^, G. Maccarrone'''^, 
A. Macchiolo^^, B. Macek^"^, J. Machado Miguens*^'^'', 
R. Mackeprang35, R.J. Madaras*^, W.F. Mader''^, 
R. Maenner^^^ T. Maeno^", P. Mattig*^^, S. Mattig^*, 
L. Magnoni^s, E. Magradze^", Y. Mahalalel*^^^ 
K. Mahboubi'^^ G. Mahout*^ C. Maiani"2a,i32b^ 



C. Maidantchik23'^, A. Maioi24a,b^ s. Majewski^^, 

Y. Makida^s^ N. Makovec"^ P. Mal"6, Pa. Malecki^s, 
P. Malecki^s, V.P. Maleev^^i, F. Malek^^, U. Mallik^s, 

D. Malon^ C. Malone"3, S. Maltezos^ V. Malyshev^o^ 
S. Malyukov^s, R. Mameghani^^, J. Mamuzic*^'^, 

A. Manabe^e, L. Mandelli^^'^, I. Mandic^^, 
R. Mandrysch*^, J. Maneira^^"'', P.S. Mangeard®^, 
LD. Manjavidzc*^^, A. Mann^"*, P.M. Manning"^^ 
A. Manousakis-Katsikakis^, B. Mansoulie*^^^ 

A. Manz^s, A. Mapelli^^, L. Mapelli^^, L. March 

J.F. Marchand^s, F. Marchese"3a,i33b^ q Marchiori^^^ 

M. Marcisovskyi25^ A. Marin^*'*, CP. Marinol6^ 
F. Marroquim^^'', R. Marshall^^, Z. Marshall^^, 

F. K. Martensi'^^, S. Marti-Garcia^^'^, A.J. Martin"'^, 

B. Martin^^, B. Martinis, F.F. Martini^o^ 
J.P. Martin^^^ Martin5^ T.A. Martini'^, 
V.J. Martin''^, B. Martin dit Latour'*^, 

S. Martin-Haugh^^^, M. Martinez", 

V. Martinez Outschoorn^^, A.C. Martyniuk®^, 

M. Marx^^^ Marzano^^a^ a. Marzin"\ L. Masetti^^, 

T. Mashimol'5^ R. Mashinistov^^, J. Masik^^ 

A.L. Maslcnnikoyio^, L Massa^^^'i^^, G. Massarol°^ 

N. Massol^, P. Mastrandrcai32a,i32b^ 

A. Mastroberardino^'^'^'^^^, T. Masubuchi^^s, 
M. Mathes^", H. Matsumotoi^^, H. Matsunaga^^^^, 
T. Matsushita*''^, C. Mattravers"^'^ J.M. Maugain^^, 
J. Maurer«3^ g Maxfield^^^ D.A. Maximovi"^ 

E. N. May^ A. Mayne"^, R. Mazinii^i, M. Mazur^", 
M. Mazzanti89^, E. Mazzonii22a,i22b^ g Kcc^'^ , 
A. McCarni65, R.L. McCarthy^^s, T.G. McCarthy^^, 
N.A. McCubbini29^ K.W. McFarlane5^ 

J.A. Mcfayden"9, H. McGlone^^, G. Mchcdhdzc^ib^ 
R.A. McLaren29, T. Mclaughlani^ S.J. McMahoni^s, 
R.A. McPhersonis^'*, A. Meade*^^, J. Mechnichi°5^ 
M. Mechtel^'^'', M. Medinnis''\ R. Meera-Lebbai"\ 
T. Meguro"*', R. Mehdiyev^^ S. Mehlhase3^ 
A. Mehta'^3^ p^ Mcicr'^*^^, B. Mcirose™, 

C. Melachrinos^o, B.R. McUado Garcia^^^^ 
L. Mendoza Navas^^^ Z. Mcngi^i^", 

A. MengareUi^^'^'i^'^, S. Menke9^ C. Mcnot^^, 
E. Meoni", K.M. Mercurio^'^, P. Mermod"^, 
L. Merolai°2a,i02b^ q Meroni^s^, F.S. Merritt^", 

A. Messina^s, J. Metcalfei^^, A.S. Mete^^^ C. Meyer^i, 
C. Meycr^o, J-P. Meyer^^e^ j. Meyer^'^^^ Meyer''*, 
T.G. Meyer29, W.T. Mcycr^*, J. Miao32d^ S. MichaP, 
L. Micu^s^, R.P. Middlctoni29, p. Miele^^, S. Migas''^, 
L. Mijovic''\ G. Mikenberg^'^i, M. Mikestikova^^s^ 
M. Mikuz^4^ p) ^^ MiUer^o, R.J. MiUer^s, W.J. MiUs^^®, 

C. MiUs^^ A. Miloyi^i, D.A. Milstead^^^'^'i'**'^, 

D. Milstein^'^i, A.A. Minaenko^^s^ Mifiano^^^, 
LA. Minashvih*'^, A.L Mincer^^s, B. Mindur^'^, 

M. Minccv'^s, Y. Ming^^o^ L.M. Mir", G. MirabcUii32a^ 
L. Miralles Verge", A. Misiejuk^*', J. Mitrevski^^/^ 

G. Y. Mitrofanovi28^ V.A. Mitsoui^^^ S. Mitsui^^^ 
P.S. Miyagawa , K. MiyazaW'^, J.U. Mjornmark™, 
T. Moa"6a,i46b^ p^ Mockett"^ S. Moed^^ 

V. MoeUer27, K. Monig^i, N. Moser^o, S. Mohapatral^^ 
W. Mohr^s, S. Mohrdieck-M6ck99, A.M. Moisseeyi^s.*, 



22 



R. Moles- Vallsi67^ J. Molina-Perezes, J. Monk^^ 
E. Monnier^3^ S. Montesano^S'^'S^'^, F. Monticelli"^" , 
S. Monzaniis^^is'^, R.W. Moorc^, G.F. Moorhcad**', 

C. Mora Herrera^'s, A. Moraes^^, N. Morange^^e^ 

J. Morel^"^, G. Morello^s^'S^b^ Moreno^\ M. Moreno 
Llacer^s^ P. Morettini^O'^, M. Morii^^ J. Morin^^ 
A.K. Morley29, G. Mornacchi^s, S.V. Morozov^^^ 
J.D. Morris^^ L. Morvaji^i, H.G. Moser^s, 
M. Mosidze^i^, J. Mossl°^ R. Mounti'^^^ 

E. Mountricha"6, S.V. Mouraviev^", E.J.W. Moyse^^, 
M. Mudrinic^eb^ p. Mueller^s^^, J. Mueller^^a^ 

K. Mueller^o, T.A. MuUer^^, D. Muenstermann^^ , 
A. Muir^es^ Y. Munwes^^^^ -y^ j_ Murray^^g^ 
I. Musschei°5, E. Mustoi"2a,i02b^ ^ Myagkoyi^s, 
M. Myska^es^ Nadali\ K. Nagai^so^ K. Nagano^e, 
Y. Nagasaka^°, A.M. Nairz^^, Y. Nakahama^^, 
K. NakaInural^^ T. Nakamura^^^ I. Nakano"", 

G. Nanava^o, A. Napier^^i, M. Nash^^^^ N.R. National, 
T. Nattermann^o, T. Naumann''^ G. Navarro^^^, 

H. A. Neal87, E. Nebot^", P.Yu. Nechaeva^'', 

A. Negri"9^^"9'=, G. Negri^^, S. Nektarijevic''^ 

A. Nelsoni63, S. Nelson"3^ T.K. Nelson^^s, 

S. Nemecek^e^, P. Nemetliy^°^ , A.A. Ncpomuceno^^'', 

M. Nessi^S'*, M.S. Neubauer^^^, A. Neusiedl^\ 

R.M. Neves^os, P. Nevski^^, RR. Newman^^, 

V. Nguyen Thi Hong"^, R.B. Nickerson"^, 

R. Nicolaidoui36^ L. Nicolas"^, B. Nicquevert^^, 

F. Niedercorn"^ J. Nielsen"^^ T. Niinikoski^^, 
N. Nikiforou34, A. Nikiforovl^ V. Nikolacnkoi^s, 
K. Nikolaev^s, I. Nikolic-Audit^^ K. Nikolics'^s, 
K. Nikolopoulos24, H. Nilsen^s, P. Nilsson^ 

Y. Ninomiya A. Nisatii32a^ t. Nishiyama^"^, 
R. Nisius9^ L. Nodulman^ M. Nomaclii"^^ 

I. Nomidis^^'', M. Nordberg29, B. Nordkvist"6a,i46b^ 
P.R. Norton^^g^ Novakova^^e^ Nozaki^^^ 

L. Nozka"^ I.M. Nugent^^S'', A.-E. Nuncio-Quiroz^o, 

G. Nunes Hanninger*^, T. Nunncmann^® , E. Nurse^^, 
T. Nyman^s, B.J. O'Bricn^s, S.W. O'Nealci^^*, 

D. C. 0'Neil"2^ V. O'ShcaSS, E.G. Oakham^s.'', 

H. Oberlack3^ J. Ocariz^^ A. Ochif^^ S. Oda^^^, 

S. Odaka^e, J. Qdier^a, H. OgrenSi, A. Oh^^, S.H. Oh^^, 

C. C. 01im"6a,i46b^ rj. ohshimaioi, H. Ohshitai'*'', 

T. Ohsugi^^ S. Okada*^^ H. Okawa^^^^ y. Okuniurai''\ 
T. Okuyamal5^ A. Olariu^'^'^, M. Olcese^"^, 
A.G. 01chcvskif^^ M. 01iveirai24a,s^ 

D. Oliveira Damazio^^, E. Oliver Garcia^^^, 
D. Olivitoi20, A. Olszewski's, J. Olszowska'^, 
G. Omachi^^, A. Onofrei24a,«^ P.U.E. Onyisi'", 
G.J. Omm^^^^, M.J. Oreglia'o, Y. Oren^ss^ 

D. Orestano"''''^i34b^ j Orlov^°^, C. Oropeza Barrera^'^ 

R.S. Orri58, B. Osculati^O'^'^o'", R. Ospanoyi^o^ 

G. Osuna", G. Otero y Garzon^e, J.P Ottcrsbachios^ 

M. Ouclirifi35d, F. Ould-Saada"^, A. Ouraoui^e, 

Q. Ouyang32a, Owcn^^, S. Owen^'s, V.E. Ozcan^Sa^ 

N. Ozturk^, A. Pacheco Pages", G. Padilla Aranda", 

S. Pagan Grisoi", E. Paganisms, F. Paige^*, P. Pais^'', 

K. Pajcheli", G. Palacinoi^sb^ c.P. Paleari^, 

S. Palestini29, D. Pallin^', A. Palniai24a,f'^ 



J.D. Palmer^'', Y.B. Pan^'^^, E. Panagiotopoulou^, 
B. Panes'i*^, N. Panikashvili*"^, S. Panitkin^^, 

D. Pantea^S'i, M. Panuskova^^s^ y Paolone^^a^ 

A. Papadelis"^^, Th.D. PapadopouW, 

A. Paramonov^ W. Park^^.^', M.A. Parker^"^, 

F. Parodi^O'^'SO'', J.A. Parsons'", U. Parzefall''^ 

E. Pasqualucci^'^a^ Passeri^''^'^, F. Pastore^'"''^-!''''', 
Fr. Pastore'^^ G. Pasztor '^S'™, S. Pataraia"'', 

N. Pateliso, j.R. Paterae, S. Patricellii02a,i02b^ 

T. Pauly29, M. Pecsy"'''^, M.I. Pedraza Morales"^^ 
S.V. Peleganchuk^o^ H. Peng'^b^ R. Pengo^^, 

A. Penson''', J. Penwell''\ M. Perantoni^''^, 

K. Perez'"'"^, T. Perez Cavalcanti"^ , E. Perez Codina^^, 
M.T. Perez Garcia-Estafi^^'^, V. Perez Reale'", 
L. Pcrini*^'*'^^^, H. Pernegger^^, R. Perrino''^^, 
P. Perrodo", S. Pcrsenibe''*, V.D. Pcshckhonov^^, 

B. A. Petersen's, J. Petersen'^, T.C. Pctcrscn'^ 
E. Petit«3, A. Petridisi54^ G. Petridoui^", 

E. Petroloi32a^ p. Petruccii34a,i34b^ Petscliull^i, 

M. Pettenii'^^ R. Pezoa^i^, A. Phan^e, A.W. Phillips'^, 
P.W. Phillipsi29, G. Piacquadio29, E. Piccaro^^ 
M. Piccininiis^'is'^, S.M. Picc^i, R. Picgaia^e, 
J.E. Pilchcr'o, A.D. Pilkington^', J. Pinai24a,fc^ 
M. Pinamontii'^4^'1*^*^ A. Pinder"^ J.L. Pinfold', 
J. Ping32^, B. Pintoi24a,b^ o. Pirotte's, G. Pizio^s^^^sb^ 
R. Placakyte'^^ M. Plamondoni^s, M.-A. Pleier'", 
A.V. Pleskachi28, A. Poblaguev'", S. Poddar^^^, 

F. Podlyski33, L. Poggioli"^ T. Poghosyan'", 
M. Pohl^s, F. Polci5^ G. Polcscllo"Sa^ 

A. Policicchioi^s, A. Poliniis^, J. PolF^ 

V. Polychronakos^'*, D.M. Pomarede^'^^, D. Pomeroy^', 
K. Pommes's^ l Pontecorvo^^'^, B.G. Pope^^, 

G. A. Popeneciu'^'', D.S. Popovic^^'', A. Poppleton'^^ 
X. Portell Bueso's, G. Posch'i, G.E. Pospelov^s, 

S. Pospisili27^ I.N. PotrapSS, G.J. Potter"9, 

C. T. Potter"^ G. Poulard^^, J. Poveda^^^ 

R. Prabhu^^ P. Pralavorio^^^ A. Pranko^", S. Prasad^'^, 
R. Pravahan^ S. PrcU^", K. Pretzl^^, L. PribyP^, 

D. Pricc^i, L.E. Price^ M.J. Price^s, D. Prieuri^a, 
M. Primavera^^a^ ^ Prokofiev^o®, F. Prokoshin^i^^ 
S. Protopopescu^", J. Proudfoot^, X. Prudent'*'^, 

H. Przysiezniak", S. Psoroulas^^, E. Ptacek^^"^ 

E. Pueschel84, Purdham^^, M. Purohit^"^", 

P. Puzo"^ Y. Pylypchenko"^, J. Qian^^, Z. Qian^^, 
Z. Qin^i, A. Quadt^4^ p. Quarric", W.B. Quaylci^^^ 

F. Quinonez^i^, M. Raas^O"*, V. Radescu^®'", 

B. Radics^o, T. Rador^^^^ p. Ragusa^s^.sgb^ 

G. Rahali^^ A.M. Rahimiios, D. Rahm^", 

S. Rajagopalan^^*, M. Rammensee^^ , M. Rammes^"^, 
M. Ramstedt 146a, 146b ^ ^ Randle-Gonde^^, 

K. Randrianarivony , P.N. RatofF^\ F. RauscherS^, 
M. Raymond^s, A.L. Read"^ D.M. Rcbuzzi"^^'"^^, 
A. Rcdclbachi^3^ G. Rcdlingcr^", R. Reecei^o, 
K. Rcevcs"°, A. Rcichold^^^, E. Rcinhcrz-Aronis^^^, 
A. Reinsch^i", I. Reisinger^^, D. Rcljicie*^, 

C. Rembser^s, Z.L. Ren^^i, A. Renaud"^ P. RenkeP, 
M. Rescignoi32a^ s. Resconi^Sa^ ^ Resende"6^ 

P. ReznicekSS, R. Rezvani^^®, A. Richards'^'', 



23 



R. Richter^s, E. Richter-Was'''?', M. Ridel™, 

M. Rijpstralo^ M. Ryssenbeek^^^ A. Rimoldi"^^'"^^, 

L. Rinaldii^'^, R.R. Rios^^, 1. Riu", G. Rivoltella^^^^'^^'^, 

F. Rizatdiiiova"^ E. Rizvi'^^ S.H. Robertson^S'', 
A. Robichaud-Vcroniieau^^^, D. Robinson^^, 
J.E.M. Robinson^"^, M. Robinson"'', A. Robson^^, 
J.G. Rocha dc Uma^°^, C. Rodai22a,i22b^ 

D. Roda Dos Santoses, S. Rodier^o, D. Rodriguezi62^ 
A. Roe54, S. Roc29, O. R0hne"^ V. Rojo\ S. Rolliiei, 
A. Romaniouk^s^ M. Romano^^^'i^'', V.M. Romanov^s, 

G. Romeo^e, L. Roos™, E. Rosi^^, S. Rosatii32a,i32b^ 
K. Rosbach49, A. Rosens, M. Rose^^, 

G.A. Rosenbaunll5^ E.I. Rosenberg^"^ 

P.L. Rosendahli3, O. Rosenthali'*\ L. Rosselet''^ 

V. Rossetti", E. Rossi"2a,i32b^ L_p^ Rossi^"'', 

M. Rotaru^sa, I. Rothi^\ J. Rothbcrg"8, 

D. Rousseau"^, C.R. Royon^^*^, A. Rozanov^^, 

Y. Rozeni52^ x. Ruan"^ I. Rubinskiy'*!, B. Ruckert3^ 

N. Ruckstuhl^os^ V.I. Rud9^ C. Rudolph^^, 

G. Rudolph62, Riihr^ F. Ruggieri"4a,i34b^ 

A. Ruiz-Martinez^*, V. Rumiantsev^^'*, 

L. Rumyantsev^^, K. Rungc**, O. Runolfsson^°, 

Z. Rurikova-*®, N.A. Rusakovich6^ D.R. Rust^^i, 

J.P. Rutherfoord^, C. Ruwicdel", P. Ruzicka^^s^ 

Y.F. Ryaboyi^i, V. Ryadovikoyi^s, p. Ryan*^^ 

M. Rybari26, G. Rybkin"^ N.C. Ryder"^ S. Rzaeva^^, 

A. F. Saavedra^^o, I. Sadehi^s^ H.F-W. Sadrozinski"^^ 
R. Sadykov^s, F. Safai Tehranii32a,i32b^ 

H. Sakamoto^^^, G. Salamanna'^^, A. Salamon^^^**, 

M. Saleemi", D. Salihagic^^ A. Salnikoyi^s^ J. Saltl6^ 

B. M. Salvachua Ferrando^ D. Salvatore36=»-.36b^ 
F. Salvatore^*^, A. Salvucci^°*, A. Salzburger^^, 

D. Sampsonidisi^*^ gjj^ Samset"^, A. Sanchezi02a,i02b^ 

H. Sandakeri3, H.G. Sander«\ M.P. Sanders^^ 

M. Sandhoffi74^ T. Sandoval^^, C. Sandoval 

R. Sandstroem^s, S. Sandvoss"'^, D.P.C. Sankey^^g^ 

A. Sansoni*^, C. Santamarina Rios^^, C. Santoni'^'^, 

R. Santonicoi33a,i33b^ jj_ Santos^^*^, J.G. Saraivai24a,fc^ 

T. Sarangi^^^, E. Sarkisyan-Grinbaum^, 

F. Sarrii22a,i22b^ q Sartisohn"^ O. Sasaki^e, 
T. Sasaki^e, N. SasaoS^ I. Satsounkevitch^o, 

G. Sauvage'^, E. Sauvan*, J.B. Sauvan^-'^, 
P. Savardi58.<i, V. Savinoyi^s, D.O. Savu^^, 

L. Sawyer24.fc, D.H. Saxon^^^ L.P. Says^^, C. Sbarra^^^, 
A. Sbrizziis^'is'^, O. ScalW^, D.A. Scannicchioi^^^ 
J. Schaarschmidt"^ P. Schacht^^, U. Schafer^i, 
S. Schaepe^o, S. SchaetzeF^, A.C. Scliaffer"^^ 
D. Schaile^^ R.D. Schanlbergel•"^ A.G. Scliamoyio^ 
V. Scharf^sa^ Y Scliegelskyi^i, D. Sclieirich**^ 
M. Schernaui63^ M.I. Scherzeri*, C. Schiavi^Oa^sob^ 
J. Schieck^^, M. Schioppa^e^'^eb^ s. Schlenker^^, 
J.L. Scllleretll^ E. Schmidt ^s, K. Schmieden^o , 

C. Schmitt^i, S. Schmittssb, Schmitz^o, 

A. Schoning^sb^ Schott^^, D. Schouteni'^Sa^ 

J. Schovancova^^^, M. Schram*^, C. Schroeder*^ , 

N. SchroerSS'^, S. Schuh^s, G. Schuler^^, J. Scliultesi^'^, 

H. -C. Schultz-Coulon^sa, H. Scllulzl^ 
J.W. Schumaclier^o, M. Schumacher ''s, 



B.A. Schumm^37^ pj^ Schunc^^e^ Schwancnberger*^, 
A. Schwartzman^*"^^ p]j Schwemling™, 
R. Schwienhorst®^, R. Schwierz^^, J. Schwindling^^e^ 
T. Schwindt^o, W.G. Scott^^s, J. Searcyi^*, G. Sedov^i, 

E. Sedykhi2i, E. Segura", S.C. Seidelio^^ A. Seiden"^, 

F. Seifert'^^^ J.M. Seixas^^^, G. Sekhniaidzeio^a^ 
D.M. SeIiverstovi2i, B. ScUdeni^Sa^ Q. Sellers™, 

M. Semani44b^ n, Scmprini-Cesarii^'^'is'^, C. Serfon^^, 

L. Scrin"'\ R. Scuster^^, H. Severini"\ M.E. Sevior^e, 

A. Sfyrla^s, E. Shabahna^*, M. Shamim"*^ 

L.Y. Shan32a^ j ghank^i, Q.T. Shao^^^ M. Shapiro", 

P.B. Shatalov9^ L. Shaver^, K. Shawi64a,i64c^ 

D. Sherman^™, P. Sherwood^^ A. Shibata^o^^ 

H. Shichiioi, S. Shimizu29, M. Shimojimaioo, T. Shin5^ 

M. Shiyakova6^ A. Shmeleva^*, M.J. Shochct^o, 

D. Short"*, S. Shrcstha64, M.A. Shupc^ P. Sicho^^s, 

A. Sidotii32a,i32b^ Sicbell^^ F. Siegcrt*^ 

Dj. Sijackii2a^ o. Silbert^i, J. Silvai24a,b^ y. Silveri^^^ 

D. Silverstein"3^ g -g Silverstein^^a^ y. Simak^^^^ 

O. Simard"6, Lj. Simic^^'', S. Simion"^ B. Simmons^^ 

M. Simonyan^s, P. Sinervoi^®, N.B. Sincv"*^ 

V. Sipica"!, G. Siragusa^™, A. Sircar24, 

A.N. Sisakyan^s, S.Yu. Sivoklokov^^ J. Sj61in"6a,i46b^ 

T.B. Sjursen", L.A. Skinnari", H.P. Skottowe^^, 

K. Skovpenio^ P. Skubic"\ N. Skvorodnev22, 

M. Slateri^ T. Slaviceki^^, K. Sliwa^^i, J. Sloper^^, 

V. Smakhtini^i, S.Yu. Smirnov^^ L.N. Smirnova^^, 

O. Smirnova^^ B.C. Smith", D. Smith443^ 

K.M. Smithes, M. Smizanska^^, K. Smolcki27^ 

A.A. Sncsarev94, S.W. Snow82, Snow"!, 

J. Snuverinklo^ S. Snydcr24, M. Soaresi24a^ 

R. Sobiei69.% J. Sodomka^^^, A. SofFeri'53, 

G. A. Solansi67, M. Solari27^ j. Solc^^^^ E. Soldatov^^, 
U. Soldevilai67, E. Solfaroh Camilloccii32a,i32b^ 

A.A. Solodkov^^s^ q.V. Solovyanov^^*, J. Sondericker^*, 

N. Soni^, V. Sopkoi27^ ^ Sopko^^?^ Sosebee^ 

R. Soualahi64a,i64c^ A. Soukharcyio^ 

S. Spagnolo^2a,72b^ p^ Spano™, R. Spighii9% G. Spigo^^, 

F. Spilai32a,i32b^ Spiwoks29, M. Spousta^^e, 

T. Spreitzerl5^ B. Spurlock^ R.D. St. Denis5^ 

T. Stahli^i, J. Stahlmani20, R. Stamen^*^, 

E. Stanecka^s, R.W. Stanek^, C. Stanescu^^a^ 
S. Stapnes"^ E.A. Starchenko^^s, J. Stark^^, 
P. Starobai25, p. Starovoitov^i, A. Staude9^ 
P. Stavinai44a^ g. Stavropoulos", G. Steclc53, 

P. Stcinbach43, P. Steinberg24, I. Stekli27, B. Stelzer"^ 

H. J. Stelzer^s, O. Stelzer-Chiltoni'59a^ h. Stenzel'^^^ 
K. Stevenson™, G.A. Stewart^^, J.A. StiUings^o, 
M.C. Stockton29, K. Stoerig^s, G. Stoicea^^a, 

S. Stonjek^s, P. Strachota^^e, A.R. Stradhng^ 

A. Straessner43, J. Strandberg^'*'', 

S. Strandberg"6a,i46b^ js^ Strandlic"^ M. Strang^o^, 

E. Strauss"^^ M. Strauss"!, P. Strizenec^^^b^ 

R. Strohmeri™, D.M. Strom"^^ j.A. Strong™-*, 

R. Stroynowski39, J. Strubc^^g^ ^ Stugui3, 

I. Stumer24'*, J. Stupak"*, P. Sturm^^^^ D.A. Sohi^i.?, 
D. Su"3^ HS. Subramania^, A. Succurro", 

Y. Sugaya"6, T. Sugimoto^oi, C. Suhr^^^ K. Suita^^, 



24 



M. Suki26^ V.V. Sulin94, Sultansoy^'i, T. Sumida^^, 

X. Sun^s, J.E. Sundermann^s, K. Surulizi^s, 

S. Sushkov", G. Susinno36a^36b^ y^j^ Suttoni^s^ 

Y. Suzuki^e, Y. Suzuki^^, M. Svatos^^s, 

Yu.M. Sviridovi28, S. Swedishi^s, I. Sykorai'''''', 

T. Sykorai26, B. Szeless^^, J. Sanchezi67, D. Tal°^ 

K. Tackmann^i, A. Taffard^^^ R. Tafirouti^^'', 

N. Taiblum^ss^ Y. Takahashii^i, H. Takai^*, 

R. Takashima^^, H. Takeda*^^, T. Takeshita^o, 

M. Talby83, A. Talyshev^o^ M.C. Tamsett^^, 

J. Tanakal5^ R. Tanaka"^ S. Tanaka^^i^ Tanaka'^^ 

Y. Tanaka^°°, K. Tarns'^, N. Tannoury^^ 

G.R Tappern29, S. Tapprogge«\ D. Tardifl5^ 

S. Tarem^^^ F. Tarrade^^, G.F. Tartarelli*^'', P. Tas^^e, 

M. Tasevskyi25^ Tassi^e^^seb^ Tatarkhanov", 

Y. Tayalati"5<^, C. Taylor^^ F.E. Taylor^^, 

G.N. TaylorS^ W. Taylor^^^'^, M. Teinturicr"^ 

M. Teixeira Dias Castanheira^^, P. Teixeira-Dias^^, 

K.K. Temming^s, H. Ten Kate^^, P.K. Teng^^i, 

S. Terada*^^ K. Terashil5^ J. Terron^", M. Terwort^'i'", 

M. Testa'*^, R.J. Teuscheri^^^*, J. Thadome^^'', 

J. Therhaag^o, T. Thcvcneaux-Pelzer'^^ M. Thioyel'^^ 

S. Thoma''^ J.P. Thomas^^, E.N. Thompson^^ , 

P.D. Thompsoni'7, P.D. Thompsoni^*^, 

A. S. Thompson^^^ E. Thomsoni^o^ M. Thomson^^, 
R.P. Thun87, F. Tian34, T. Tic^^s, V.O. Tikhomirov^^, 
Y.A. Tikhonovi°^ P. Tipton^^s^ 

F. J. Tique Aires Viegas2^ S. Tisserant^^^ J. Tobias''^ 

B. Toczek37, T. Todorov'', S. Todorova-Novai^i, 
B. Toggersoni63^ j_ Tojo^^^, S. Tokar"'*'', 

K. Tokunaga^^, K. Tokushuku^^^ ^ Tollefson^s, 

M. Tomoto^oi, L. Tompkins^o, K. Tomsi^^^ q Tong^^^^ 

A. Tonoyan", C. Topfel^^ N.D. Topilin^s, 

I. Torchiani^s, E. Torrencei", H. Torres^^, E. Torro 

Pastoris^, J. Toth^3,u,^ p Touchard^^^ D.R. Tovey"^, 

D. Traynor^^, T. Trefzger^^^^ l. Tremblet^^, 

A. Tricoli^^, I.M. Trigger^'^S'^, S. Trincaz-Duvoid^^, 

T.N. Trinh^8, M.F. Tripiana™, W. Trischuki^s^ 

A. Trivedi^^'^, B. Trocmc^^, C. Troncon^^'^, 

M. Trottier-McDonald"^, M. Trzcbinski^^, 

A. Trzupek^s, C. Tsarouchas^^, J.C-L. Tseng"^ 

M. Tsiakirisl°^ P.V. Tsiareshka^°, D. Tsionou"^, 

G. Tsipolitis^, V. Tsiskaridze^'s, E.G. Tskhadadze^^'', 
I.I. Tsukerman9^ V. Tsulaia", J.-W. Tsung^o, 

S. Tsuno*'^ D. Tsybychcv"8, A. Tua^^s, 

A. Tudorache^S'', V. Tudorache^^a^ j.M. Tuggle^o, 

M. Turala^s, D. Turecek^^^, i. Turk Cakir^^ 

E. Turlayl°^ R. Turra^^'^'^^'^, P.M. Tuts^^, 

A. Tykhonov'^4^ M. Tylmad"^'^'"^'^, M. Tyndel^^a, 

H. Tyrvainen29, G. Tzanakos^ K. Uchida^", I. \Jeda^^^, 
R. Ueno^s, M. Ugland", M. Uhlenbrock^o, 

M. Uhrmacher^^, F. Ukegawa^^o^ Q. UnaP^, 

D.G. Underwood^, A. Undrus^^, G. Unel^^^^ Y. Unno^^, 

D. Urbanicc34, E. Urkovskyi^s^ G. Usai^ 

M. Uslcnghi"^'^'"^'^, L. Vacavant^s, V. Vacck^^^^ 

B. VachonS^ S. Vahseni^, J. Valenta^^s, P. Valente^^za^ 
S. Valentinettii9^^i9'=, S. Valkar^^e, 

E. Valladolid Gallegoi^^, s. Vallecorsai^^^ 



J.A. Vails Ferrcri**'^, H. van dcr Graaf^''^, 
E. van der Kraaij^°^, R. Van Der Leeuw^"^, 

E. van der Poeli^s, D. van der Ster^^, N. van Eldik^^, 
P. van Gemmeren^, Z. van Kesteren^°^, 

I. van Vulpenlo^ M Vanadia^^, W. Vandelli^^, 
G. Vandoni^^. A. Vaniachinc^, P. Vankov"*^, 

F. Vannucci''*, F. Varcla Rodrigucz^^, R. Vari^'^'^^, 

D. Varouchas^"*, A. Vartapctian'', K.E. Varvcll^^°, 
V.I. Vassilakopoulos^e, F. Vazcillc^^, G. VegniS^^'S^b^ 
J.J. Veillet"^, C. Vellidis^ F. Velosoi24a^ ^ Veness^^, 
S. Veneziano"^'', A. Ventura'^^'''^^'^, D. Ventura"*, 
M. Venturi^s, N. Venturi^'^, V. Vercesi"^'', 

M. Verduccii38, W. Verkerkel°^ J.C. Vermeulenios ^ 
A. Vcst43, M.C. Vctterlii42,d^ i. Vichoul6^ 
T. Vickcyi45b,^^ q.E. Vickcy Boeriu^sb^ 

G. H.A. Vichhauser"8, S. Violins, M. Villa^^^'i^^, 

M. Villaplana Perezi^^^ E. Vilucchi^^, M.G. Vincter^^, 

E. Vinek29, V.B. VinogradovS^ M. Virchaux"^,*^ 
J. Virzi^*, 0. Vitells^^i, M. Viti'*\ I. Vivarelli"*, 

F. Vives Vaque^, S. Vlachos^ D. Vladoiu^*, 

M. Vlasaki27, N. Vlasov^o, A. Vogcl^o, P. Vokac^^^^ 

G. Volpi^^, M. Volpi^e^ G. VolpiniSS^, 

H. von der Schmitt^^, J. von Loebcn^^. 

H. von Radziewski^*, E. von Toernc^°, V. Vorobcl^^^, 
A.P. Vorobiev^^s^ y. Vorwerk", M. Vos^^^, R. Voss^^, 
T.T. Voss^^'*, J.H. Vossebeld^3^ N. Vranjes^^^, 

M. Vranjes Milosavljevic^°^, V. Vrba^^^, 

M. Vreeswijkios^ T. Vu Anh*^\ R. Vuillermet^^, 

I. Vukotic"^^ W. Wagneri74^ Wagner^^o, 

H. Wahlcni74^ Wakabayashi^oi, J. Walbersloh^^ , 

S. Walch*^ J. Walder^i, R. Walkcr9^ W. Walkowiak^i, 

R. Wall"^ P. Waller^^^ C. Wang*^, H. Wang^^^^ 

H. Wang32b.a<'^ Wangi^i, J. Wang^^d^ j.c. Wang^^s^ 
R. Wangios^ S.M. Wang^^i, A. Warburton^s, 

CP. Ward^^ M. Warsinsky^^, P.M. Watkins", 

A.T. Watson^^, M.F. Watson^^, G. Watts"*, 

S. Watts*2, A.T. Waughiso, b.M. Waugh^^, J. Wcber42, 

M. Weberi29, M.S. Weberi^, p. Weber^^, 

A.R. Weidbergi", P. Weigell9^ J. Weingarten^^, 

C. Weiser"*, H. WcUcnstcin^^ , P.S. Wells^^ M. Wen^^ 
T. Wenaus24, S. Wendler^^s^ Z. Wengi^L?, 

T. Wengler29, S. Wenig^^, N. Wermes^^, M. Werner"^*, 
P. Werner29, M. Werth^^a^ M. Wessels'^*'', C. Weydert5^ 
K. Whalen^s, S.J. Wheeler-Ellis ^^^^^ S.P. Whitaker^i, 
A. White^, M.J. Whitc*^ S.R. Whitehead"*, 

D. Whitesoni63^ D. Whittington^i, D. Wicke^'^"^ 
F.J. Wickensi29, W. Wiedenmanni^^ M. Wielersi^s, 
P. Wienemann^o, C. Wiglesworth^^^ L.A.M. Wiik^*, 
P. A. Wijeratne^^, A. Wildauer^s^^ m.A. Wildt^i^", 

I. Wilhelmi26, H.G. Wilkens^^, J.Z. WilP, 

E. Wilhams^", H.H. Wilhamsi^o, W. Willis^^, 
S. Willocq*'', J.A. Wilsoni^, M.G. Wilson^^a^ 

A. Wilson*'', I. Wingerter-Seez*, S. Winkelmann^* , 

F. Winklmeier^s, M. Wittgen"3^ M.W. Wolter^*, 
H. Woltersi24a,9^ w.C. Wong^o, G. Wooden*^ 

B. K. Wosiek^*, J. Wotschack^s, M.J. Woudstra*^, 

K. Wraight^^^ C. Wright^^ M. Wright^^, B. Wrona^^^ 
S.L. Wu^^^ X. Wu*^ Y. Wu^^^ "'', E. Wulf^*, 



25 



R. Wunstorf42, B.M. Wynne^^^ S. Xella^s, M. Xiao^^e, 
S. Xie■*^ Y. Xie32a, C. Xu^^b.^^, D. Xu"9, G. Xu^^^, 

B. Yabslcyi5°, S. Yacoob"5b^ m. Yamada^e, 

H. Yamaguchi^^^, A. Yamamoto^^ , K. Yamamoto^''^, 
S. Yamamoto^^^, T. Yamamura-^^^, T. Yamanaka-^^^, 
J. Yamaoka^'', T. Yamazakii^^^ Y. Yamazaki^'^, 
Z. Yan^i, H. Yang^^, U.K. Yang^^, Y. Yang^i, 
Y. Yang32a^ z. Yang"6a,i46b^ Yanush^i, Y. Yasu^^, 
G.V. Ybeles Smiti^o, j. Ye^^, S. Ye^^, M. Yilmaz^^ 
R. Yoosoofmiya^^^, K. Yorita^™, R. Yoshida^, 

C. Young"3^ S. Youssef^i, D. Yu^^, J. Yu^ J. Yu"^^ 
L. Yuan^^a-"'*, A. Yurkewicz^o^ V.G. Zaets ^^s, 

R. Zaidan^^^ A.M. Zaitsev^^s^ z. Zajacova^^, 

Yo.K. Zalite L. Zanello"2a,i32b^ Zarzhitsky^^, 

A. Zaytseyio^, C. Zeitnitz^^^^ Zelleri^^^ 

M. Zcmani25^ A. Zcmla^s, C. Zendler^o, O. Zenini^s, 

T. Zcnis"4a^ z. Zenonosi22a,i22b^ g_ Zenz^^ 

D. Zcrwas"^ G. Zevi della Porta", Z. Zhan^^d^ 

D. Zhang32b H. Zhang^^, J. Zhang^ X. Zliang32d^ 

Z. Zhang"^ L. Zhaol°^ T. Zhaoi^s^ Z. Zhao^^b^ 

A. Zhemchugov^s, S. Zhcng^^^, J. Zhong"^ B. Zhou*^^, 

N. Zhou^^^, Y. Zhouisi, C.G. Zhu32d^ H. Zhu^i, 

J. Zhu87, Y. Zhu32b, X. Zhuang9^ V. Zhuravlov^^, 

D. Zieminska^^, R. Zinimcrmann^^, S. Zimmermann^^ , 

S. Zimmermann''*, M. Ziolkowski"i, R. Zitoun^, 

L. Zivkovic34, V.V. Zmouchkoi28.*, G. Zobernigi^^ 

A. Zoccoli^'^^'i^b^ Y. Zolnierowski^, A. Zsenei^^ 

M. zur Neddenl^ V. Zutshi^o^, L. Zwalinski^^. 



^ University at Albany, Albany NY, United States of 
America 

^ Department of Physics, University of Alberta, 
Edmonton AB, Canada 

^ ("^Department of Physics, Ankara University, Ankara; 
'■'''Department of Physics, Dumlupinar University, 
Kutahya; ('^•'Department of Physics, Gazi University, 
Ankara; ('^''Division of Physics, TOBB University of 
Economics and Technology, Ankara; ('^'Turkish Atomic 
Energy Authority, Ankara, Turkey 
4 LAPP, CNRS/IN2P3 and Universitc de Savoie, 
Annecy-le-Vieux, France 

^ High Energy Physics Division, Argonnc National 
Laboratory, Argonnc IL, United States of America 
^ Department of Physics, University of Arizona, Tucson 
AZ, United States of America 

^ Department of Physics, The University of Texas at 
Arlington, Arlington TX, United States of America 
^ Physics Department, University of Athens, Athens, 
Greece 

^ Physics Department, National Technical University of 
Athens, Zografou, Greece 

Institute of Physics, Azerbaijan Academy of Sciences, 
Baku, Azerbaijan 

Institut de Fi'sica d'Altes Energies and Departament 
de Fi'sica de la Universitat Autonoma de Barcelona and 
ICREA, Barcelona, Spain 

12 (°) Institute of Physics, University of Belgrade, 
Belgrade; ('''Vinca Institute of Nuclear Sciences, 



Belgrade, Serbia 

Department for Physics and Technology, University 
of Bergen, Bergen, Norway 

Physics Division, Lawrence Berkeley National 
Laboratory and University of California, Berkeley CA, 
United States of America 

Department of Physics. Humboldt University, Berlin, 
Germany 

Albert Einstein Center for Fundamental Physics and 
Laboratory for High Energy Physics, University of 
Bern, Bern, Switzerland 

School of Physics and Astronomy, University of 
Birmingham, Birmingham, United Kingdom 

18 (")Department of Physics, Bogazici University, 
Istanbul; (''^Division of Physics, Dogus University, 
Istanbul; ('^^ Department of Physics Engineering, 
Gaziantep University, Gaziantep; ('^'Department of 
Physics, Istanbul Technical University, Istanbul, Turkey 

19 (a)lNFN Sezione di Bologna; ('''Dipartimento di 
Fisica, Universita di Bologna, Bologna, Italy 

2° Physikalisches Institut, University of Bonn, Bonn, 
Germany 

2^ Department of Physics. Boston University, Boston 
MA, United States of America 

Department of Physics, Brandeis University, 
Waltham MA, United States of America 
23 ("'Universidade Federal do Rio De Janeiro 
COPPE/EE/IF, Rio de Janeiro; ('''Federal University of 
Juiz de Fora (UFJF), Juiz de Fora; ('^'Federal 
University of Sao Joao del Rei (UFSJ), Sao Joao del 
Rei; ('^'instituto de Fisica, Universidade de Sao Paulo, 
Sao Paulo, Brazil 

^4 Physics Department, Brookhaven National 
Laboratory, Upton NY, United States of America 
25 (f^) National Institute of Physics and Nuclear 
Engineering, Bucharest; ('''University Politehnica 
Bucharest, Bucharest; ('^'West University in Timisoara, 
Timisoara, Romania 

2^ Departamento de Ffsica, Universidad de Buenos 
Aires, Buenos Aires, Argentina 

Cavendish Laboratory, University of Cambridge, 
Cambridge, United Kingdom 

^® Department of Physics, Carleton University, Ottawa 
ON, Canada 

29 CERN, Geneva, Switzerland 

Enrico Fermi Institute, University of Chicago, 
Chicago IL, United States of America 

31 ('^'Departamento de Fisica, Pontificia Universidad 
Catolica de Chile, Santiago; ('''Departamento de Fi'sica, 
Universidad Tccnica Federico Santa Man'a, Valparaiso, 
Chile 

32 (°)lnstitute of High Energy Physics, Chinese 
Academy of Sciences, Beijing; ('''Department of Modern 
Physics, University of Science and Technology of China, 
Anhui; ('^'Department of Physics, Nanjing University, 
Jiangsu; ('''High Energy Physics Group, Shandong 
University, Shandong, China 

Laboratoire de Physique Corpusculaire, Clermont 



26 



Universitc and Universite Blaise Pascal and 

CNRS/IN2P3, Aubiere Cedex, France 

•^^ Nevis Laboratory, Columbia University, Irvington 

NY, United States of America 

■^^ Niels Bohr Institute, University of Copenhagen, 

Kobenhavn, Denmark 

36 (a)i]\[FN Gruppo CoUegato di Cosenza; 

'^''^Dipartimcnto di Fisica, Universita della Calabria, 

Arcavata di Rende, Italy 

■^^ Faculty of Physics and Applied Computer Science, 
AGH-University of Science and Technology, Krakow, 
Poland 

The Henryk Niewodniczanski Institute of Nuclear 
Physics, Polish Academy of Sciences, Krakow, Poland 

Physics Department, Southern Methodist University, 
Dallas TX, United States of America 

Physics Department, University of Texas at Dallas, 
Richardson TX, United States of America 

DESY, Hamburg and Zeuthen, Germany 

Institut fiir Experimentelle Physik IV, Technische 
Universitat Dortmund, Dortmund, Germany 

Institut fiir Kern- und Teilchenphysik, Technical 
University Dresden, Dresden, Germany 

Department of Physics, Duke University, Durham 
NC; United States of America 

SUPA - School of Physics and Astronomy, University 
of Edinburgh, Edinburgh, United Kingdom 

Fachhochschule Wiener Neustadt, Johannes 
Gutenbergstrasse 3, 2700 Wiener Neustadt, Austria 

INFN Laboratori Nazionali di Frascati, Frascati, Italy 

Fakultat fiir Mathematik und Physik, 
Albert-Ludwigs- Universitat, Freiburg i.Br., Germany 

Section de Physique, Universite de Geneve, Geneva, 
Switzerland 

50 (a) INFN Sezione di Genova; (''^Dipartimento di 
Fisica, Universita di Genova, Genova, Italy 

51 ('^)E.Andronikashvili Institute of Physics, Georgian 
Academy of Sciences, Tbilisi; '^-'High Energy Physics 
Institute, Tbilisi State University, Tbilisi, Georgia 

II Physikalisches Institut, Justus-Liebig-Universitat 
Giessen, Giessen, Germany 

SUPA - School of Physics and Astronomy, University 
of Glasgow, Glasgow, United Kingdom 

II Physikalisches Institut, Georg-August-Universitat, 
Gottingen, Germany 

Laboratoire de Physique Subatomique et de 
Cosmologie, Universite Joseph Fourier and 
CNRS/IN2P3 and Institut National Polytcchnique de 
Grenoble, Grenoble, France 

Department of Physics, Hampton University, 
Hampton VA, United States of America 

Laboratory for Particle Physics and Cosmology, 
Harvard University, Cambridge MA, United States of 
America 

58 (a)Kirchhoff-Institut fiir Physik, 
Ruprecht-Karls-Univcrsitat Heidelberg, Heidelberg; 
e*) Physikalisches Institut, Ruprecht-Kar Is- Universitat 
Heidelberg, Heidelberg; ('^^ZITI Institut fiir technische 



Informatik. Ruprecht-Karls-Universitat Heidelberg, 
Mannheim, Germany 

Faculty of Science, Hiroshima University, Hiroshima, 
Japan 

Faculty of Applied Information Science, Hiroshima 
Institute of Technology, Hiroshima, Japan 

Department of Physics, Indiana University, 
Bloomington IN, United States of America 

Institut fiir Astro- und Teilchenphysik, 
Leopold-Franzens-Universitat, Innsbruck, Austria 

University of Iowa, Iowa City lA, United States of 
America 

Department of Physics and Astronomy, Iowa State 
University, Ames lA, United States of America 

Joint Institute for Nuclear Research, JINR Dubna, 
Dubna, Russia 

KEK, High Energy Accelerator Research 
Organization, Tsukuba, Japan 

Graduate School of Science, Kobe University, Kobe, 
Japan 

^® Faculty of Science, Kyoto University, Kyoto, Japan 
Kyoto University of Education, Kyoto, Japan 

™ Instituto dc Fisica La Plata, Universidad Nacional de 

La Plata and CONICET, La Plata, Argentina 
Physics Department, Lancaster University, 

Lancaster. United Kingdom 

72 (a)iNF]>j Sezione di Lecce; ^''^Dipartimento di Fisica, 
Universita del Salento, Lecce, Italy 
^■^ Oliver Lodge Laboratory, University of Liverpool, 
Liverpool, United Kingdom 

Department of Physics, Jozef Stefan Institute and 
University of Ljubljana, Ljubljana, Slovenia 
^'"^ Department of Physics. Queen Mary University of 
London. London. United Kingdom 

Department of Physics, Royal HoUoway University of 
London, Surrey, United Kingdom 

Department of Physics and Astronomy, University 
College London, London, United Kingdom 

Laboratoire de Physique Nucleaire et de Hautes 
Energies, UPMC and Universite Paris-Diderot and 
CNRS/IN2P3, Paris, France 

Fysiska institutionen, Lunds universitet, Lund, 
Sweden 

Departamento de Fisica Teorica C-15, Universidad 
Autonoma de Madrid, Madrid, Spain 

Institut fiir Physik, Universitat Mainz, Mainz, 
Germany 

School of Physics and Astronomy, University of 
Manchester, Manchester, United Kingdom 
«3 CPPM, Aix-Marseille Universite and CNRS/IN2P3, 
Marseille, France 

Department of Physics, University of Massachusetts, 
Amherst MA, United States of America 
®^ Department of Physics. McGill University, Montreal 
QC, Canada 

®^ School of Physics, University of Melbourne, Victoria, 
Australia 

Department of Physics, The University of Michigan, 



27 



Ann Arbor MI, United States of Ameriea 

^® Department of Physics and Astronomy, Michigan 

State University, East Lansing MI, United States of 

America 

89 (a)x]\[FN Sezione di Milano; C'^Dipartimento di Fisica, 
Universita di Milano, Milano, Italy 

B.I. Stepanov Institute of Physics, National Academy 
of Sciences of Belarus, Minsk, Republic of Belarus 

National Scientific and Educational Centre for 
Particle and High Energy Physics, Minsk, Republic of 
Belarus 

Department of Physics, Massachusetts Institute of 
Technology, Cambridge MA, United States of America 

Group of Particle Physics, University of Montreal, 
Montreal QC, Canada 

P.N. Lebedev Institute of Physics, Academy of 
Sciences, Moscow, Russia 

Institute for Theoretical and Experimental Physics 
(ITEP), Moscow, Russia 

Moscow Engineering and Physics Institute (MEPhI), 
Moscow, Russia 

Skobeltsyn Institute of Nuclear Physics, Lomonosov 
Moscow State University, Moscow, Russia 

Fakultat fiir Physik, Ludwig-Maximilians-Universitat 
Miinchen, Miinchen, Germany 

Max-Planck-Institut fiir Physik 
(Werner-Heisenberg-Institut), Miinchen, Germany 

Nagasaki Institute of Applied Science, Nagasaki, 
Japan 

Graduate School of Science, Nagoya University, 
Nagoya, Japan 

102 (a)j]x[p]xf Sezione di Napoli; (^'Dipartimento di 
Scienze Fisiche, Universita di Napoli, Napoli, Italy 

Department of Physics and Astronomy, University 
of New Mexico, Albuquerque NM, United States of 
America 

Institute for Mathematics, Astrophysics and Particle 
Physics, Radboud University Nijmegen/Nikhef, 
Nijmegen, Netherlands 

Nikhef National Institute for Subatomic Physics and 
University of Amsterdam, Amsterdam, Netherlands 

Department of Physics, Northern Illinois University, 
DeKalb IL, United States of America 

Budker Institute of Nuclear Physics (BINP), 
Novosibirsk, Russia 

Department of Physics, New York University, New 
York NY, United States of America 

Ohio State University, Columbus OH, United States 
of America 

Faculty of Science, Okayama University, Okayama, 
Japan 

Homer L. Dodge Department of Physics and 
Astronomy, University of Oklahoma, Norman OK, 
United States of America 

Department of Physics, Oklahoma State University, 
Stillwater OK, United States of America 
"3 Palacky University, RCPTM, Olomouc, Czech 
Republic 



^^'^ Center for High Energy Physics, University of 
Oregon, Eugene OR, United States of America 

LAL, Univ. Paris-Sud and CNRS/IN2P3, Orsay, 
France 

Graduate School of Science, Osaka University, 
Osaka, Japan 

Department of Physics, University of Oslo, Oslo, 
Norway 

Department of Physics, Oxford University, Oxford, 
United Kingdom 

119 (a)iNFN Sezione di Pavia; ^'''Dipartimento di Fisica 
Nucleare e Teorica, Universita di Pavia, Pavia, Italy 

Department of Physics, University of Pennsylvania, 
Philadelphia PA, United States of America 

Petersburg Nuclear Physics Institute, Gatchina, 
Russia 

122 (a)j]xfpj^ Sezione di Pisa; ('''Dipartimento di Fisica 
E. Fermi, Universita di Pisa, Pisa, Italy 

Department of Physics and Astronomy, University 
of Pittsburgh, Pittsburgh PA, United States of America 
124 ('')Laboratorio de Instrumentacao e Fisica 
Experimental de Particulas - LIP, Lisboa, Portugal; 
'^'''Departamcnto de Fisica Teorica y del Cosmos and 
CAFPE. Univcrsidad de Granada, Granada, Spain 

Institute of Physics, Academy of Sciences of the 
Czech Republic, Praha, Czech Republic 

Faculty of Mathematics and Physics, Charles 
University in Prague, Praha, Czech Republic 

Czech Technical University in Prague, Praha, Czech 
Republic 

State Research Center Institute for High Energy 
Physics, Protvino, Russia 

129 Particle Physics Department, Rutherford Appleton 
Laboratory, Didcot, United Kingdom 

130 pijygics Department, University of Regina, Regina 
SK, Canada 

Ritsumeikan University, Kusatsu, Shiga, Japan 

132 (a)j]s^p]s^ Sezione di Roma I; (''^Dipartimento di 
Fisica, Universita La Sapienza, Roma, Italy 

133 (a)lNpN 

Sezione di Roma Tor Vergata; 
'■''^Dipartimento di Fisica, Universita di Roma Tor 
Vergata, Roma, Italy 

134 (i)i]s[p]s[ Sezione di Roma Tre; (^^Dipartimento di 
Fisica, Universita Roma Tre, Roma, Italy 

135 ('')Faculte des Sciences Ain Chock, Reseau 
Universitaire de Physique des Hautes Energies - 
Universite Hassan II, Casablanca; Centre National de 
I'Energie des Sciences Techniques Nucleaires, Rabat; 
•^^^Universite Cadi Ayyad, Facultc des sciences Semlalia 
Departement de Physique, B.P. 2390 Marrakech 40000; 
(''^Faculte des Sciences, Universite Mohamed Premier 
and LPTPM, Oujda; '^'^^Faculte des Sciences, Universite 
Mohammed V, Rabat, Morocco 

"6 DSM/IRFU (Institut de Recherchcs sur Ics Lois 
Fondamentales de I'Univers), CEA Saclay 
(Commissariat a I'Energie Atomique), Gif-sur-Yvette, 
France 

^■^^ Santa Cruz Institute for Particle Physics, University 



28 



of California Santa Cruz, Santa Cruz CA, United States 
of America 

Department of Physics, University of Washington, 
Seattle WA, United States of America 

Department of Physics and Astronomy, University 
of Sheffield, Sheffield, United Kingdom 

Department of Physics, Shinshu University, Nagano, 
Japan 

^"^^ Fachbereich Physik, Universitat Siegen, Siegen, 
Germany 

Department of Physics, Simon Fraser University, 
Burnaby BC, Canada 

^^•^ SLAC National Accelerator Laboratory, Stanford 
CA, United States of America 

144 (a)pnQ■^J^\f^y of Mathematics, Physics & Informatics, 
Comenius University, Bratislava; ^^^Department of 
Subnuclear Physics, Institute of Experimental Physics 
of the Slovak Academy of Sciences, Kosice, Slovak 
Republic 

145 (i) Department of Physics, University of 
Johannesburg, Johannesburg; '^''^ School of Physics, 
University of the Witwatersrand, Johannesburg, South 
Africa 

146 (i)Department of Physics, Stockholm University; 
(''^The Oskar Klein Centre, Stockholm, Sweden 

Physics Department, Royal Institute of Technology, 
Stockholm, Sweden 

Department of Physics and Astronomy, Stony Brook 
University, Stony Brook NY, United States of America 

Department of Physics and Astronomy, University 
of Sussex, Brighton, United Kingdom 

School of Physics, University of Sydney, Sydney, 
Australia 

Institute of Physics, Academia Sinica, Taipei, 
Taiwan 

Department of Physics, Technion: Israel Inst, of 
Technology, Haifa, Israel 

Raymond and Beverly Sackler School of Physics and 
Astronomy, Tel Aviv University, Tel Aviv, Israel 

Department of Physics, Aristotle University of 
Thessaloniki, Thessaloniki, Greece 

International Center for Elementary Particle Physics 
and Department of Physics, The University of Tokyo, 
Tokyo, Japan 

Graduate School of Science and Technology, Tokyo 
Metropolitan University, Tokyo, Japan 

Department of Physics, Tokyo Institute of 
Technology, Tokyo, Japan 

Department of Physics, University of Toronto, 
Toronto ON, Canada 

159 (a)xRlUMF, Vancouver BC; Department of 
Physics and Astronomy, York University, Toronto ON, 
Canada 

Institute of Pure and Applied Sciences, University of 
Tsukuba, Ibaraki, Japan 

Science and Technology Center, Tufts University, 
Medford MA, United States of America 
-^^^ Centro de Investigaciones, Universidad Antonio 



Narino, Bogota, Colombia 

Department of Physics and Astronomy, University of 
California Irvine, Irvine CA, United States of America 
164 (a)iNFN Gruppo CoUegato di Udine; (^)lCTP, 
Trieste; ''^■'Dipartimento di Chimica, Fisica e Ambiente, 
Universita di Udine, Udine, Italy 

Department of Physics, University of Illinois, 
Urbana IL, United States of America 

Department of Physics and Astronomy, University 
of Uppsala, Uppsala, Sweden 

Instituto de Fisica Corpuscular (IFIC) and 
Departamento de Fisica Atomica, Molecular y Nuclear 
and Departamento de Ingeniera Electronica and 
Instituto de Microelectronica de Barcelona (IMB-CNM) , 
University of Valencia and CSIC, Valencia, Spain 

Department of Physics, University of British 
Columbia, Vancouver BC, Canada 

Department of Physics and Astronomy, University 
of Victoria, Victoria BC, Canada 
™ Waseda University, Tokyo, Japan 

Department of Particle Physics, The Weizmann 
Institute of Science, Rehovot, Israel 

Department of Physics, University of Wisconsin, 
Madison WI, United States of America 
1^"^ Fakultat fiir Physik und Astronomie, 
Julius-Maximilians- Universitat, Wiirzburg, Germany 
i^** Fachbereich C Physik, Bergische Universitat 
Wuppertal, Wuppertal, Germany 

Department of Physics, Yale University, New Haven 
CT, United States of America 

Yerevan Physics Institute, Yerevan, Armenia 

Domaine scientifique de la Doua, Centre de Calcul 
CNRS/IN2P3, Villeurbanne Cedex, France 
° Also at Laboratorio de Instrumentacao e Fisica 
Experimental de Particulas - LIP, Lisboa, Portugal 

Also at Faculdade de Ciencias and CFNUL, 
Universidade de Lisboa, Lisboa, Portugal 
^ Also at Particle Physics Department, Rutherford 
Appleton Laboratory, Didcot, United Kingdom 
Also at TRIUMF, Vancouver BC, Canada 
Also at Department of Physics, California State 
University, Fresno CA, United States of America 
f Also at Fermilab, Batavia IL, United States of 
America 

f Also at Department of Physics, University of 
Coimbra, Coimbra, Portugal 

Also at Universita di Napoli Parthenope, Napoli, Italy 
* Also at Institute of Particle Physics (IPP), Canada 
^ Also at Department of Physics, Middle East Technical 
University, Ankara, Turkey 

Also at Louisiana Tech University, Ruston LA, United 
States of America 

' Also at Group of Particle Physics, University of 
Montreal, Montreal QC, Canada 

™ Also at Institute of Physics, Azerbaijan Academy of 
Sciences, Baku, Azerbaijan 

" Also at Institut fiir Experimentalphysik, Universitat 
Hamburg, Hamburg, Germany 



29 



° Also at Manhattan College, New York NY, United 
States of America 

P Also at CPPM, Aix-Marseille Universite and 
CNRS/IN2P3, Marseille, France 

Also at School of Physics and Engineering, Sun 
Yat-sen University, Guanzhou, China 

Also at Academia Sinica Grid Computing, Institute of 
Physics, Academia Sinica, Taipei, Taiwan 

* Also at High Energy Physics Group, Shandong 
University, Shandong, China 

* Also at Section de Physique, Universite de Geneve, 
Geneva, Switzerland 

" Also at Departamento de Fisica, Universidade de 
Minho, Braga, Portugal 

^ Also at Department of Physics and Astronomy, 
University of South Carolina, Columbia SC, United 
States of America 

^ Also at KFKI Research Institute for Particle and 



Nuclear Physics, Budapest, Hungary 

^ Also at California Institute of Technology, Pasadena 

CA, United States of America 

y Also at Institute of Physics, Jagiellonian University, 
Krakow, Poland 

^ Also at Department of Physics, Oxford University, 
Oxford, United Kingdom 

°° Also at Institute of Physics, Academia Sinica, Taipei, 
Taiwan 

Also at Department of Physics, The University of 
Michigan, Ann Arbor MI, United States of America 

Also at DSM/IRFU (Institut de Recherches sur les 
Lois Fondamentales de I'Univers), CEA Saclay 
(Commissariat a I'Energie Atomique), Gif-sur-Yvette, 
France 

"'^ Also at Laboratoire de Physique Nuclcaire et de 
Hautes Energies, UPMC and Universite Paris-Diderot 
and CNRS/IN2P3, Paris, France 
* Deceased 



